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This deliverable presents detailed Model documentation for the Danube Delta Biosphere
Reserve Qualitative Reasoning Model (DDBR QR Model), one of the QR Model case studies
defined in the NaturNet—Redime project. The model documentation is presented in two parts:
the DDBR QR model components Implementation (in QR workbench: Garp3) and the model
Simulation results. The paper is structured according to Sections 6 and 7 of D6.1 Framework
for conceptual QR description of case studies®>. The QR model construction follows the overall
principles of Sustainable Development as presented in the D6.8 Guidelines for Sustainable
Development Curriculum®. Thus, the QR model will be used by end users to learn about specific
conditions to be fulfilled by the modelled system (either social, economic, or environmental) in
order to contribute to increased public involvement as called for in the Strategy for Sustainable
Development. The model itself (constructed in Garp3 software) can be found in
www.naturnet.org/NaturNet Redime Portal/Qualitative Reasoning portal/DDBR_QR Model.hgp

2 Authors: Bert Bredeweg, Paulo Salles, Anders Bouwer and Jochem Liem, University of Amsterdam.
3 Author: Tim Nuttle, University of Jena, Germany
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Introduction

The goal of the NaturNet-Redime project is to develop educational programmes to contribute
towards objectives of the European Union’s Strategy for Sustainable Development (SSD;
European Commission 2001). Of particular importance is the SSD objective of increasing
participation in the process of making decisions that affect sustainable development by
providing a tools for stakeholders, decision makers, and citizens to gain a better understanding
the factors that affect SD. Part of the NaturNet-Redime project involves developing qualitative
reasoning (QR) models of five case studies that explore different SD issues and scenarios, in
order to support these objectives of the SSD. One of the project case studies is the Danube
Delta Biosphere Reserve (DDBR).

Aquatic ecosystems are the most extensive and important natural resource of the DDBR
system, both from a biodiversity and human perspective. Due to its impacts on these, water
quality, is a central focus of concern from the point of view of the SSD. Nevertheless, water
pollution is a major problem in the DDBR and has contributed to losses of biodiversity in the
DDBR over the last several decades. Additionally, human populations rely on DDBR resources
for fresh water and food, and so are also negatively impacted by water pollution. To make
progress in reducing these negative effects, it is necessary to understand and communicate
how water pollution affects biodiversity and human health in the DDBR.

The DDBR QR model was constructed to model the behaviour of DDBR aquatic ecosystem
flora and fauna populations as well as human health indicators of people living in or around this
area. The behaviour of these components is modelled as relating to the basic aquatic
ecosystem physical, chemical and biological processes. The detailed description of Scenarios
and Fragments structure, and simulation results presented in this deliverable refers to all
relevant aspects concerning the basic physical, physical-chemical and biological processes
within the DDBR aquatic ecosystems, focussed on chemical water pollution processes, their
negative effects, the ways it propagates to aquatic biological components and, ultimately, to
human health. The DDBR QR model comprises 17 Scenarios and 57 Model Fragments
containing knowledge of structural and causal aspects of the DDBR.

The Danube Delta Biosphere Reserve Qualitative Reasoning

Model Documentation

1. Implementation details

This section presents the detailed description of Danube Delta Biosphere Reserve aquatic
ecosystem Qualitative Reasoning Model (DDBR_QR Model) ingredients implemented in the
Qualitative Reasoning workbench: Garp3 software (Figure 1.0 Garp3 software main page).

The model ingredients are as follows:

Entity hierarchy

Attributes and values*

Configurations

Agent hierarchy

Assumption hierarchy

Quantities and Quantity spaces

Scenarios

Model fragments.

4 Within the DDBR QR model there is not used “Attribute and values” feature.
70 /1280
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i DDBR_QR Model.hgp - Garp3 1.3.3
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Figure 1.0 Garp3 software main page.

1.1. Entity hierarchy

Entities are the system physical components structurally related to each other by means of

certain relations (configurations).
The Danube Delta Biosphere Reserve system Entity hierarchy, as seen in Figure 1.1, consists

of three groups of entities: Human Being, Environment, and Aquatic population.
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®

Human being

Sea
® L @ S
Environment Aqualic ecosystem River delta
River
@ Diatoms*
® ® Phytoplankton ®
Entity Plant Blue green algae”
Aquatic macrophyte
Aquatic population Zooplankton
@ Macroinvertebrate
Animal 3
Fish
Bird

Figure 1.1 Entity hierarchy of the DDBR system.

I.  Human being is part of the system, both by the DDBR inhabitants or tourists. Their health

depends either directly on Water quality, or indirectly on Fish quality.

Il.  The “Environment” component is the Aquatic ecosystem.

“Aquatic ecosystem” consists of the following Entities:

1. Sea — is considered here to model the global behaviour of the biodiversity from the Western
Black Sea coastal zone water which is directly influenced by the River Delta water quality.

2. River — the only Danube Delta’s water resource and it's considered here from the main
water pollution elements (Heavy metals and Nutrients) point of view. The River makes the
physical connection between its catchment area and the River Delta.

3. River Delta. The DDBR QR model is focussed on this system component. River Delta is
actually the link area between River and Sea.

lll.  The two Aquatic population groups: Plant and Animal are included in the model, along with

all aquatic biological entities as follows:

1. Plant. Phytoplankton, and Aquatic macrophyte - primary producers groups in the framework
of the Functional Feeding Group. These are food resource for primary (herbivore animal)
consumers.

2. Animal: Zooplankton, Macroinvertebrates, Fish, and Bird. All animal are both herbivore and
carnivore species.

A summary description of this system Entities is presented in Table 1.1.

Table 1.1 Danube Delta Biosphere Reserve system: Entity summary.

Entity Super type Description

Human being Entity Human being population living in or around the Danube
Delta Biosphere Reserve.

Environment Entity Physical space where aquatic ecosystems (River, River
Delta, and Sea which this Qualitative Reasoning Model
deals with) belong to.
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Project No. 004074

NATURNET-REDIME

D6.2.2

Aquatic population

Entity

Any biological entity living in water, either plant or animal.

Aquatic ecosystem

Environment

A type of ecosystem where aquatic populations live in
within a Functional Feeding Group relationship.

River

Aquatic
ecosystem

Aquatic ecosystem collecting and transporting water and
sediment from its hydrographic basin: the river catchment
area.

River Delta

Aquatic
ecosystem

Geographic area developed by the River, by flowing in
through its own branches, canals, and lakes, before
meeting the Sea.

Sea

Aquatic
ecosystem

Geographic space where terrestrial waters flow in.

Plant

Aquatic
population

This group is made of green plants (Aquatic macrophytes
and Phytoplankton). They are autotroph organisms: able
to produce themselves their energy using sunlight to
convert carbon dioxide and water into sugars by
photosynthesis. Nutrients are their main food resource.
Plants are the primary producers in all food chains since the
materials they synthesize and store are the energy sources
for all other organisms.

Animal

Aquatic
population

This group is made of all animals: Zooplankton,
Macroinvertebrates, Fish, Birds, and Mammals. They can
be either herbivores or carnivores, and all are heterotroph
organisms: consumers since they obtain their energy from
organic substances produced by other organisms: primary
producers (Plants).

Phytoplankton

Plant

Microscopic plant species (algae and bacteria) free-floating
in the upper layer of water surface since sunlight is vital for
their growth. Phytoplankton is the basis of most aquatic
food chains, and one of the primary producers of the
oxygen.

Aquatic macrophyte

Plant

Aquatic superior plant species: food resource for large
animal species.

Diatoms

Phytoplankton

Predominant and harmless algae species division of
Phytoplankton. Diatoms, as one of the primary producers,
it's a significant source of food for higher trophic levels,
especially for Zooplankton.

Blue-green algae

Phytoplankton

Bacteria species (not algae), actually named as
Cyanobacteria. They have the same behaviour as any other
Phytoplankton species: make photosynthesis. Most of
species contain cyanotoxins in their cells. Being poisoning
they “contribute” to water pollution, and to any Aquatic
population: Mortality, implicitly if in High concentration in
water.

Zooplankton

Animal

Microscopic species of animals inhabiting entire water
column. It’s food resource for larger animals, especially for
fish.

Macroinvertebrate

Animal

Macroscopic animal species inhabiting both the water
column and the bottom sediment (the benthos).

Fish

Animal

Vertebrate species inhabiting almost any type of aquatic
ecosystem.

Bird

Animal

Vertebrate species inhabiting aquatic ecosystems or the
very near areas.
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1.2. Configurations
The configurations are structural relations between the modelled system entities. They define

how the DDBR system entities are structurally related to each other and are implemented as
described in Table 1.2.

Table 1.2 Danube Delta Biosphere Reserve aquatic ecosystems basic processes:
Configuration summary

Configuration Entity (from) Entity (to) Description

Drinks water Human being River Delta Specifies the link between

from people living inside the study
area which provides their water
source.

Eats Human being Fish Specifies the link between
people living inside the study
area which provides their main
food source.

Feeds on Zooplankton Diatoms Specifies the feeding

Macroinvertebrates | Aquatic macrophyte | relationship between two aquatic

Fish Zooplankton species. One of them is

Bird Fish consumer (predator) feeding on
the other one (the prey).

Flows in River River Delta Specifies direction of water flow.

River Delta Western Black Sea
In catchment Agriculture (Run- Danube River
area of off of Nutrients)
Agent Specifies the ways the Agents
Industry (Run-off of | Danube River exert their influence on River.
Heavy metals)
Agent

Lives in Diatoms River Delta Specifies that these species are
Blue-green algae River Delta aquatic species.

1.3. Agent hierarchy

External influences are factors that affect the system, but are external to it. These can be
modelled using agents in Garp3 (Figure 1.3). The two main external influences that affect water
pollution in the DDBR are:

Industry activities: source of Heavy metals running-off into Danube River;

Agriculture activities: source of Nutrients (Nitrogen and Phosphorous compounds) running-off
from agricultural lands to groundwater, lakes and rivers. Nutrients as water pollutants refer only
to the condition when they are in High concentration triggering the water eutrophication process.

=4 -

R ”
V Industry Heavy metals run off from industrial zones*
Agent = &

Agriculture Nutrients run off from agricultural zones"

Figure 1.3 The DDBR QR model system agents hierarchy.
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1.4. Assumption hierarchy
Typically, there are two types of assumptions used in the Model fragments and Scenario
construction as labels, either to hide, or show a certain detail in the model. These are
Simplifying or Operating assumptions.
Generally, the simplifying assumptions are used to reduce the complexity of the simulation,
while the operating ones provide a certain perspective on the simulation.
The assumptions used in constructing the DDBR QR model are as shown in Figure 1.4.

¥
Assume production medium steady
ap o
Simplifving assumption®_  Assume mortality is medium and steady
.,>
Assume med equality for production and moriality
@ ©
Assumption Assume nutrient comsumption zero and steady
@
Q}\ Assume migration is zero and steady
Operating assumption 4 >

Assume human being fish consumption positive
&
Assume dd human being water consumption positive

Figure 1.4 The DDBR QR model Assumption hierarchy.

1.5. Quantities and quantity spaces
Quantities used in a model represent the most important properties that characterise the
modelled system entities. They are changeable features of the entities taking on qualitative
values that belong to a certain Quantity space.
For the Danube Delta Biosphere Reserve system QR model, the qualitative values, Quantity
spaces, and Quantities corresponding to this system Entities are as specified and described in
Table 1.3.

Table 1.3 Danube Delta Biosphere Reserve aquatic ecosystems basic processes:
Quantity and Quantity space summary

Quantity Entity / Agent | Quantity space | Description
Biodiversity Danube Delta | {Zero, Low, Indicator of biological entities diversity.
Medium, High}
Biomass Danube Delta | {Zero, Low, Total amount of a biological entity.
Medium, High}
Cyanotoxins Danube Delta | {Zero, Low, Concentration of Cyanotoxins in water.
Critical value,
High}
Growth Aquatic {Minus, Zero, Any biological entity growth rate based on the
population Plus} difference between that entity Production and
Mortality.
Heavy metal Danube Delta | {Zero, Low, The water Heavy metals content that enters the
inflow Medium, High} | system (water reservoir) from an upstream
resource.
Heavy metal Danube Delta | {Zero, Low, The water Heavy metals content that remains
available Critical value, in the water reservoir after one part from Heavy
High} metal inflow is lost in this system.
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Heavy metal Aquatic {Zero, Low, Heavy metal consumed by adsorption by any
bioaccumulation | population Medium, High} | aquatic organism body, either Plant or Animal.
Heavy metal Fish {Zero, Low, Heavy metal consumed by adsorption by fish

bioaccumulation
in fish muscle
tissue.

Critical value,
High}

body.

Heavy metal Danube Delta | {Minus, Zero, The rate of building Heavy metals content that
build up rate Plus} remain in the water reservoir after one part
from Heavy metal inflow is lost.
Heavy metal net | Danube Delta | {Zero, Low, Heavy metal content that is lost from the
loss Medium, High} | system.
Heavy metal Danube Delta | {Zero, Low, The water Heavy metals content that leaves
outflow Medium, High} | the system for a downstream water reservoir.
Heavy metal Industry {Zero, Low, The water Heavy metals content that enters the
run-off (Agent) Medium, High} | modelled system as result of an external
influence.
Human health Human being | {Zero, Low, Indicator showing how DDBR Water pollution
Medium, High} | influences the Human being living in or around
this area.
Migration Aquatic {Minus, Zero, Either immigration or emigration of a population
population Plus} individuals.
Mortality Aquatic {Zero, Low, Population individuals disappearance either as
population Medium, High} | consumed by other superior individuals or by
death.
Nutrient inflow Danube Delta | {Zero, Low, The water Nutrient content that enters the
Medium, High} | system (water reservoir) from an upstream
resource.
Nutrient Danube Delta | {Zero, Low, The water Nutrient content that remains in the
available Critical value, water reservoir after one part from Nutrient
High} inflow is lost in this system.
Nutrient build Danube Delta | {Minus, Zero, The rate of building Nutrient content that
up rate Plus} remain in the water reservoir after one part
from Nutrient inflow is lost.
Nutrient Danube Delta | {Zero, Low, The water Nutrient content that is consumed in
consumption Medium, High} | the system by any Plant species, since
Nutrients are the main food resource for Plants.
Nutrient net loss | Danube Delta | {Zero, Low, The water Nutrient content that is lost from the
Medium, High} | system.
Nutrient outflow | Danube Delta | {Zero, Low, The water Nutrient content that leaves the
Medium, High} | system for a downstream water reservoir.
Nutrient run-off | Agriculture {Zero, Low, The water Nutrient content that enters the
(Agent) Medium, High} | modelled system as result of an external
influence.
Pom bacterial Danube Delta | {Zero, Low, A biological process of Particulate Organic
decomposition Medium, High} | Matter (POM) decomposition which has as
result the release (and recycling) of inorganic
compounds (e.g. Nutrients, Heavy metals,
Cyanotoxins), in water column.
Production Aquatic {Zero, Low, Any aquatic population growth based on food
population Medium, High} | resource availability.
Temperature Danube Delta | {Zero, Low, The water physical parameter that influences
Medium, High} | chemical and biological processes.
Water pollution | Danube Delta | {Zero, Plus} The chemical process that changes the water

quality from good to bad influencing negatively
the aquatic biological entities growth process
and diversity (by an increase of their Mortality),
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and ultimately, the Humans whose life depends
on water quality.

1.6. Model Scenarios
A scenario describes the scope of a system to be modelled. It includes the Entities/Agents
involved, Configurations among entities/agents, Entity/Agent Quantities with initial values, and
Assumptions (if necessary). This structure shows a possible start situation of the system from
which changes in the quantity values can be triggered, describing certain behaviours of the
system.

Seventeen scenarios have been developed to simulate the effects of water pollution on aquatic
populations and human health. In order to model the aquatic population behaviour in the
framework of the Functional Feeding Group relationships, Scenarios are constructed starting
with Plant populations, as primary producers and ending with last consumers (Bird,
Macroinvertebrates), and ultimately the Human being.

Figure 1.6 gives and overview of scenarios developed to explore different situation in the DDBR
system. These are described in detail in the following subsections.

'-'.- Scenarios - Build g@

Scenarios:
Scell diatoms growth process to low nutrient inflow™ ﬁ”

Scel2 diatoms growth process to medium nutrient inflow

Scel3 diatoms growth process to high nutrient inflow

Sceld blue green algae growth process to medium nutrient inflow
Scels blue green algae growth process to high nutrient inflow Q@-
Scels diatoms and zooplankton growth process :
Scel? zooplanktar and fish growth process

ScelB fish and bird growth process ﬁ
Scel3 macrophytes and macroinvertebrates growth \

Scell fig nutrients diatorms and zooplankton

Scell fig diatoms zooplankton and fish

Scel fig zooplankton fish and birds

Scel3 dd water pollution process

Sceld dd water pollution and dd ag population biodiversity
Scelt dd water pollution and black sea biodwersity e
Scelb human health influenced by dd water quality
Scel? human health influenced by dd fish quality

Figure 1.6 The DDBR system QR model Scenarios names.

Scenario description
This subchapter describes each Scenario (or group of Scenarios).
Scenarios are grouped as follows:

I. Scenarios concerning the aquatic Plant growth process for different initial values of Nutrient
inflow in the modelled system:

Sce01 Diatoms growth process to low Nutrient inflow

Sce02 Diatoms growth process to medium Nutrient inflow

Sce03 Diatoms growth process to high Nutrient inflow

Sce04 Blue-green algae growth process to medium Nutrient inflow
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* Sce05 Blue-green algae growth process to high Nutrient inflow.

Il.  Scenarios concerning the aquatic Animal growth process:
Sce06 Diatoms and Zooplankton growth process
Sce07 Zooplankton and Fish growth process
Sce08 Fish and Bird growth process
Sce09 Macrophytes and Macroinvertebrates growth process.
lll.  Scenarios concerning both Plant and Animal growth process in the framework of the
Functional Feeding Group relationship:

Sce10 FFG1 nutrients diatoms and zooplankton

Sce11 FFG2 Diatoms Zooplankton and Fish

Sce12 FFG2 Zooplankton Fish and Birds.
IV. Scenarios concerning the Water pollution process
Sce13 DD (Danube Delta) Water pollution process
Sce14 DD Water pollution and DD aquatic population biodiversity
Sce15 DD Water pollution and Black Sea biodiversity.
V. Scenarios concerning the Human being behaviour from Human health point of view:
Sce16 Human health affected by DD water quality
Sce17 Human health affected by DD Fish quality.

1.6.1. Scenarios concerning the aquatic Plant growth process

The Plant growth is the only biological process in which an Aquatic population is
crucially dependent on the availability of Nutrients for growth. Aquatic Plants consist of
two different groups: Phytoplankton and Aquatic macrophytes. The most dominant
species of Phytoplankton are: Diatoms (algae species) and Blue-green algae
(Cyanobacteria species). They are separately modelled because they have different
roles within an aquatic ecosystem (See Table 1.1 Danube Delta Biosphere Reserve
system: Entity summary). As Aquatic macrophytes have the same behaviour as Blue-
green algae, only one of these two populations was considered in constructing
Scenarios, and this is Blue-green algae.
Taking into account the above considerations, the Plant growth process has been
structured in five Scenarios, for three different initial values of Nutrient inflow and for the
two aquatic Plant species. These Scenarios are:

Sce01 Diatoms growth process to low Nutrient inflow

Sce02 Diatoms growth process to medium Nutrient inflow

Sce03 Diatoms growth process to high Nutrient inflow

Sce04 Blue-green algae growth process to medium Nutrient inflow

Sce05 Blue-green algae growth process to high Nutrient inflow

Common features:
1. These Scenarios contain:
1.1 The system components involved in an aquatic Plant growth process;
1.2 The initial situation within the two distinguished Phytoplankton species (Diatoms and
Blue green algae) growth process, based on Nutrient available (as main food
resource for any aquatic plant species) in the system;
1.3 Two Assumptions: Assume migration is zero and steady and Assume mortality is
medium and steady.

2. Within any Plant growth process, the Nutrient has the main role, as the main food resource
for aquatic Plants.

3. There are many quantities that can influence the behaviour of other quantities involved in
this process. Because Nutrient concentration and Temperature have the highest influence,
scenarios are restricted to investigating behaviour of different levels of these two
quantities.
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4.

10.

The only Agent participating in the Plant species growth process is Agriculture as source of
Nutrient run-off. Agriculture: Nutrient run-off quantity has three different values: Low,
Medium, or High. For each of these values, the derivative is Stable. In natural aquatic
ecosystems this quantity never reaches the value Zero.
Entities: Quantities (Magnitude/Derivative) values included in Scenarios are:
7.1 River delta: Nutrient available: Low/None; Nutrient net loss: Medium/None; Pom
bacterial decomposition Medium/Steady, and Temperature: Zero/Increase;
7.2 Diatoms, or Blue green algae: Biomass: Medium/None
The quantities generating changes in the system behaviour, as result of their associated
value changes, are: River delta: Nutrient available, Nutrient net loss, Temperature, and
Diatoms: Biomass.
The Configurations are: In catchment area of, Flows into, and Lives in. They figure the
structural relationship between the system entities. (Detailed description of each
configuration is presented in Table 1.2 Danube Delta Biosphere Reserve aquatic
ecosystems basic processes: Configuration summary).
As example, the Figures 1.6.1 and 1.6.2 show the Scenarios Sce01 and Sce05 structure,
for two Agriculture: Nutrient run-off quantity initial values: Low (Figure1.6.1) and, High
(Figure 1.6.2), for the two Phytoplankton species: Diatoms and Blue-green algae,
respectively.
The two Phytoplankton species (Diatoms and Blue-green algae) are separately modelled
to Medium and High Nutrient inflow because they behave differently in similar conditions.
The Scenarios are Sce02, Sce03 and Sce04, Sce05 respectively.
Some constrains are used in constructing Scenarios, in order to reduce the simulation
complexity (the number of states), such as:
Assumptions: a Simplifying assumption, Assume migration is zero and steady (for which
the Static Model Fragment “Assume migration is zero and steady” is constructed); and
an Operating one: Assume mortality is medium and steady (for which the Static MF
“Assume mortality is medium and steady” is constructed).
Options selected in Advanced quantity behaviour/Exogenous, for a Quantity Magnitude
/Derivative value, as follows: Constant/None for: Agriculture: Nutrient run-off and
Medium/Steady for River delta: Pom bacterial decomposition. Options are. Scenarios
concerning the aquatic Animal growth process.

Lives in
anube delta

. il Nutrient net loss B"- e

Agriculture
Farming

In catchment area of ilch ) e 5 ilmh &
High \ High
W Critical level A ::1'9*_‘. N W wvcdiom 4
' , edium
. Nutrient run off | BLow v BLow 2 Blow ¥y
: 87ero \ 87ero

BZero

Zimh 5 Temperature ! Pom bact decormp !
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®Medium i
@ Zlmh

»ilov I Zimh 5 . &
ozorc ¥ BHigh Bhigh
®Medium 2 »\iedium ]
.LOW .LOW v

Assume migration is zero and steady ®Zero BZero

@Assums mortality is medium and steady

Figure 1.6.1 Sce01 Diatoms growth process to Low Nutrient inflow

1601 /12807



Project No. 004074 NATURNET-REDIME D6.2.2

" Flows into ..
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@Assume mortality is medium and steady ‘.rg:;um 3
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Figure 1.6.2 Sce05 Blue-green algae growth process to High Nutrient inflow

1.6.2. Scenarios concerning the aquatic Animal growth process

This type of Scenario concerns the biological growth process of two aquatic
populations, with different role within the functional feeding group relationship: one of
them is the predator, and the other one is the prey.

The Scenarios that structure this biological process refer to the following aquatic
population groups:

Sce06 Diatoms and Zooplankton growth process

Sce07 Zooplankton and Fish growth process

Sce08 Fish and Bird growth process

Sce09 Macrophytes and Macroinvertebrates growth process.

Common features:
1. These Scenarios figure:
1.1. The system components involved in an aquatic Animal growth process;
1.2. The two Aquatic Population species: the predator species and the prey one;
1.3. The Configuration is “Feeds on’.
1.4. Two Assumptions are introduced: Assume migration is zero and steady and Assume
medium equality for production and mortality.
2. Figures 1.6.3, 1.6.4, 1.6.5, and 1.6.6 show the structure of Scenarios Sce06 — Sce09.
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@Assume migration is zero and steady

@Assume med equality for production and moriality

Figure 1.6.3 Sce06 Diatoms and Zooplankton growth process Scenario

ﬁsﬁ,,mZooplankton
® Zooplankton

Fish

o @ Mortality 1 @) Biomass @) Production !

ZImh Zlmh i 6 ZImh 6
BHigh 6 BHigh 6 Brigh A BHigh
®Medium A ® Medium A I uvedum G podium §
» o BLow
Bhow 9 Lo Y = v Bow ¥
®Zero 87cro zero BZero

Assume migration is zero and steady

@Assume med equality for production and mortality

Figure 1.6.4 Sce07 Zooplankton and Fish growth process Scenario
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@W/m,@f-'fsh
Bird Fish
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Zimh 5 Zimh ZImh
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@Assume migration Is zero and steady

@Assume med equalily for production and mortality

Figure 1.6.5 Sce08 Fish and Bird growth process Scenario

Macroinve Feeds on

Macroinvertebrate Aquatic macrophyte

Aquatic macrophyte

@ Biomass @) Mortality ! @) Biomass &) Production !

ZImh 6 ZImh

BHigh BHigh Zlmh 5 Zimh 5

®Medium A BNedium w4 BHigh RHigh
»0ow 3 »low v 2 8}/edium A I ujjedium ;

BZcro ®7ecro BLow 2 fLow  J

8Zero 8Zero
Assume migration is zero and steady

Assume med equality for production and mortality

Figure 1.6.6 Sce09 Macrophytes and Macroinvertebrates growth process Scenario.

3. The initial situation of any aquatic Animal species (Zooplankton, Fish, Bird and
Macroinvertebrates) growth process, regarding the Quantity values (Magnitude/Derivative)
of the two Entities (Aquatic populations) involved in the process, this can be:

3.1 For the predator species, the Biomass: Low/None, Mortality: Low/Constant;
3.2 For the prey species, the Biomass: Medium/None, the Production: Medium
/Steady

4. Within any Animal growth process, as there are Functional Feeding Group relationships
among species, each Animal species can be both predator and prey.

5. The Configuration: Feeds on figures the functional feeding relationship between the two
entities involved in the growth process.

1901 /12817



Project No. 004074 NATURNET-REDIME D6.2.2

1.6.3. Scenarios concerning both Plant and Animal growth process

These Scenarios concern the functional feeding relationships of a group of three
Aquatic Populations with different roles, as follows: the first is the predator, the last one
is the prey, and the middle one is both predator and prey.

First Scenario (Sce10) is an exception of this rule as one of the three Entities is not an
aquatic biological entity, but physical part of the Environment, River Delta, where
aquatic populations live. It provides the main food resource (Nutrients), for primary
producers (Diatoms) within the functional feeding group (FFG).

The Scenarios structuring this biological process refer to the following Aquatic Population
groups:

Sce10 FFG diatoms and zooplankton

Sce11 FFG Diatoms Zooplankton and Fish

Sce12 FFG Zooplankton Fish and Birds.

Common features:
1. These Scenarios figure:
1.1 The system components involved in a group of three Aquatic Populations growth
process;
1.2 The Scenario’s Entities are the three Aquatic Populations, excepting for the first
Scenario where one Entity is a physical part of Environment (River Delta).
1.3 The Configuration between two populations is “Feeds on” and “Lives in” between
Diatoms (Plants as primary producers) and River Delta.
1.4 Two Assumptions are included: Assume migration is zero and steady and Assume
medium equality for production and mortality.
2. The Configuration: Feeds on figures the functional feeding relationship between two
entities involved in their growth process.

3. Figures 1.6.7, 1.6.8, and 1.6.9 show the structure of Scenarios: Sce10 FFG nutrients
diatoms and zooplankton, Sce11 FFG Diatoms Zooplankton and Fish, and Sce12 FFG
Zooplankton Fish and Birds.

inube delta ives:in I!:iif’nss Feeds on 4~ Zooplankton
Zooplankton
. Nutrient inflow | Nutrienf av | Nutrient consumption @Biomass @ e @ Mortality |
Zimh Zich Zimh Zimh i 5
WHigh : l;igh > Brigh 6 BHigh b i?hh & lf’niligh A
I epedum A uCritical lovel A 2 ®edium A W enicdun A igl i D 8t 3D B
HLow I a Blow ] Blow 2 2> mvedium i v
¥ o v ®Zero Y Y fow y ow
@ Zero WZero B Zsro 8Zero BZero

@Pﬂm hactdecomp Num‘enr net ioss ! Temperature !

Zimh

BHigh Zimh

Zimh

&
1 b &
B eiedum A High HHigh
Blow 2 2w edium ; ®iedium A
8Zoro ¥ BLow v BLow
8Z¢ro D uzero v

@Assums migration is zero and steady

@Assume med equallty for production and mortality

Figure 1.6.7 Sce10 FFG nutrients diatoms and zooplankton Scenario
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4. The initial situation of the growth process of Aquatic Populations belonging to the Functional
Feeding Group Diatoms and Zooplankton (Figure 1.6.7), regarding the Quantity values
(Magnitude/Derivative) of the three Entities:

4.1 For River delta: Nutrient inflow: Medium/Increase; Nutrient available: Low/Increase;
Nutrient consumption: Medium/None; Nutrient net loss: Medium/Increase; Pom
bacterial decomposition: Medium/Steady; Temperature: Zero/Increase.

4.2 For the predator species, the Zooplankton: Biomass: Medium/None, and the
Mortality: Medium/ Steady;

4.3 For the prey species, the Diatoms: Biomass: Medium/None.

e — Zooplankton  Feedson ™gwDiatoms
Fisti Feedaian Zooplankton Diatoms
Fish
i Production !
Biomass Mortality! Biomass @B{omass
ZImh
Zimh 6 '['_“”gh s Zimh 5 Zimh 5 e
WHigh W eyedium A BHigh i BHigh High
BMedium 4 I 2 8 Medium 2 smedium 4 an
Blow 2 (] 2 8 Medium
» 8 Y hoen 5 v § e
L ¥4 a7
8Zero ero ero =

<>Assume migration is zero and steady

@Assuma med equality for production and mortality
Figure 1.6.8 Sce11 FFG Diatoms Zooplankton and Fish Scenario

5. The initial situation of the growth process of Aquatic Populations belonging to the Functional
Feeding Group Diatoms, Zooplankton, and Fish (Figure 1.6..8), regarding the Quantity values
(Magnitude/ Derivative) of the three Entities:
5.1 For the predator species, the Fish: Biomass: Low/None, and the Mortality:
Medium/ Constant/None;
5.2 For the prey/predator species, the Zooplankton: Biomass: Medium/None;
5.3 For the prey species, the Diatoms: Biomass: Medium/None, and Production:
Medium/Steady.

Bird i Feeds on s Bt ng,hhr-""/“/”} -Feeds On‘-r T ZOop]ankfon

Bird Zooplankton

.Biomass M ortality ! .Biomass Biomass Production i

Zimh
Zimh & Zimh

BHigh 6 6 Zimh
: High i . Zimh
SMedum 4 » :Megdium N - :Hngh_ N BHigh ) =i &
»0ow 7] Blow » o Medium 2 8 edium i W evcdium A
®Zero A = A BLow \ BLow @ @
Zero BZero = 7 fLow v
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Assume migration is zero and steady

@Assume med equality for production and moriality

Figure 1.6.9 Sce12 FFG Zooplankton Fish and Birds Scenario
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6. The initial situation of the growth process of Aquatic Populations belonging to the Functional
Feeding Group Zooplankton, Fish, and Birds (Figure 1.6.9), regarding the Quantity values
(Magnitude/ Derivative) of the three Entities:
6.1 For the predator species, the Bird: Biomass: Low/None, and the Mortality:
Medium/Constant/None;
6.2 For the prey/predator species, the Fish: Biomass: Medium/None;
6.3 For the prey species, the Zooplankton: Biomass: Medium/None, and Production:
Medium/Steady.

1.6.4. Scenarios concerning the Water pollution process

These Scenarios concern the modelled system’s components participating in the
chemical process of Water pollution and Aquatic populations affected negatively by this
process, and the Configurations among components, as follows:

1. The two system’s Agents: Agriculture and Industry, developed “In catchment area of’
the River, and participating in the system Water pollution with Nutrient run-off, and
Heavy metals run-off, respectively;

2. The River, that “Flows into” its own River Delta, after collecting and transporting the
pollutants, mainly Nutrients and Heavy metals, from its catchmnet area;

3. The River Delta system’s inner components: Nutrients, Heavy metals, and
Cyanotoxins.

4. The River Delta that “Flows into” Western Black Sea, affecting negatively the coastal
zone waters Biodiversity.

The Scenarios structuring this process are:

Sce13 DD Water pollution process

Sce14 DD Water pollution and dd aquatic biodiversity

Sce15 DD Water pollution and Black Sea biodiversity

Figures 1.6.10, 1.6.11, and 1.6.12 show the structure of Scenarios listed above.

5. The possible initial situation of the Danube Delta Water pollution process (Figure
1.6.10), regarding the Quantity values (Magnitude/ Derivative) of the two Agents and the
modelled system’s Entities, can be:
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Figure 1.6.10 Sce13 Danube Delta Water pollution process Scenario.
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5.1 Agriculture Agent. Nutrient run-off: High/Constant/None. The only value for this Quantity,
when involved in water pollution process, is considered as High, because for values lower
than High it has the main food resource role for any aquatic Plant species.

5.2 Industry Agent. Heavy metals run-off. Medium/Increase.

5.3 River Delta: Nutrient available, Heavy metals available, Heavy metals net loss, Heavy
metals bioaccumulated (“consumed” by any aquatic organism), Cyanotoxins, and Pom
bacterial decomposition: Medium/Increase; and Nutrient net loss: Medium/None.

The Configurations used in Scenario structure are: In catchment area of, and Flows into.

A Simplifying Assumption is introduced in this Scenario: “Assume nutrient consumption zero

4
and steady’.
River
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Zimh 5 Industry WBHigh i 2 wpiedium | 4 Brigh ZImh I3 8
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wZero BLow A Low
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@Assume nutrient comsumption zero and steady
@Assume migrafion is zero and steady

@Assume production medium steady
Figure 1.6.11 Sce14 DD Water pollution and dd aquatic biodiversity Scenario.

The possible initial situation of the Danube Delta Water pollution and dd aquatic biodiversity
(Figure 1.6.11), is the same with the Danube Delta Water pollution process (Figure 1.6.10),
described in the previous subsection (5/5.1; 5.2, and 5.3), excepting one more Entity added in
this Scenario, Aquatic population, and two more Assumptions: Assume migration is zero and
steady, and Assume production (of Aquatic population) medium steadly.

The quantity initial values for Aquatic population: Biomass, Biodiversity, and Mortality:

Medium/None.
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Figure 1.6.12 Sce15 DD Water pollution and Black Sea biodiversity Scenario.

The possible initial situation of the Danube Delta Water pollution and Black Sea biodiversity
(Figure 1.6.12), is the same with the Danube Delta Water pollution process (Figure 1.6.10),
described in the previous subsection (5/5.1; 5.2, and 5.3), excepting one more Entity added in
this Scenario, Sea/Western Black Sea, and one more Assumptions: Assume migration is zero

and steady.
The quantity initial values for Sea/Western Black Sea: Biodiversity: Medium/None.

1.6.5. Scenarios concerning the Human being health

These Scenarios structure the modelled system’s components participating in the
Human being health (affected negatively both directly by the Water pollution process,
and indirectly by the Fish pollution process as result of Heavy metals bioaccumulation in
Fish muscle tissue) and the Configurations between components, as follows:

1. The two system’s Entities: Human being and River Delta, the configuration “Drinks
water from” and two Assumptions: “Assume DD Human being water consumption
positive”, and “Assume nutrient consumption zero and steady (Figure 1.6.13 Sce16
Human health affected by dd water quality).
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Figure 1.6.13 Sce16 Human health affected by dd water quality

2. The possible initial situation of the Human health behaviour, regarding the Quantity values

(Magnitude/ Derivative) of the two Entities, can be:

2.1 Human being: Human health: High/None;

2.2 River Delta: Heavy metals available: Low/Increase; Nutrient inflow:. Medium/Steady; Nutrient
available: Lowl/Increase; Nutrient net loss: Medium/None; Pom bacterial decomposition:
Medium/Steady.

3. The two system’s Entities: Human being and Fish, the configuration “Eats” and three
Assumptions: “Assume Human being fish consumption positive”, “Assume migration (of
Fish population) is zero and steady”, and “Assume mortality (of Fish population) is

medium and steady” (Figure 1.6.14 Sce17 Human health affected by dd fish quality).
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Assume migration is zero and steady
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Figure 1.6.14 Sce17 Human health affected by dd fish quality.
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4. The possible initial situation of the Human health behaviour, regarding the Quantity values
(Magnitude/ Derivative) of the two Entities, can be:
4.1 Human being: Human health: High/None;
4.2 Fish: Heavy metals bioaccumulation in fish (muscle tissue): Small/Increase; Biomass:
Medium/None; Production: High/None.

1.7. Model Fragments
1.7.1. Static Model Fragments

The Static MFs constructed to capture behavioural knowledge about the DDBR aquatic
ecosystems components are named as shown in Figure 1.7.

i

Assume equal medium production and mortality

&

ume migration is zero and steady

%

Assume mortalily is medium and sleady

“®

|Assume nulrient consumplion zero and steady

i

Assume production medium and steady

i

) Population exists
Biological entity 2

“2 Popuiation none existing

B

Danube river

i

Dd human being

& Heavy metal net loss
Dd walar reservol B
Nutrient net loss

i

Migration

i

Mortality

3

Western black sea

Figure 1.7 The Danube Delta Biosphere Reserve QR Model Static Model Fragments.

The MFs defining the system’s behavioural features related to aquatic biological entities:

5. Biological entity: a MF (Figure 1.7.1. Biological entity Static MF) containing as condition (in
red colour) the entity Aquatic biological entity, the Entity Instance of Aquatic population. This
entity has as consequence (in blue colour) the quantity Biomass.
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Aquatic population
Aquatic biological entity

Biomass

Zimh
BHigh
BMedium
I Low

B Zero

gp O

Figure 1.7.1 Biological entity - Static MF.

As in Entity hierarchy, Aquatic population subordinates both Plant and Animal aquatic species,
this MF can be imported, as conditional MF, for constructing any other MF related to Plant or
Animal species from the modelled system.

6. Biological entity MF has two children: Population exists (Figure 1.7.1.1), and Population
none existing (Figure 1.7.1.2).

\ﬁ Biological entity @Biofogical entity
Aquatic population Aguatic population .
Aquatic biological entity Aquatic biological entity

8 Biomass

Zlimh
BHigh
BMedium
BLow

8 Zero

gk O

Figure 1.7.1.1 Population exists - Static MF. Figure 1.7.1.2 Population none existing - Static MF.

These MF are constructed to implement the two possible situation of any aquatic population
Biomass, delimiting the population existence (Biomass > Zero) condition, from its extinction
(Biomass = Zero) one.

7. The main system’s water components involved in all aquatic processes are defined in Water
reservoir MF (Figure 6.2 Water reservoir).

This MF shows all Nutrient forms as they result from physical, chemical and biologic processes,

as follows:

- Nutrient inflow: Nutrient content in water that enters the system as result of Water flow
physical process;

- Nutrient consumption: Nutrient content consumed (as biological process) by all aquatic
Plant species, as their main food resource.

- Nutrient available: Nutrient content remained from Nutrient inflow after one part is
consumed (Nutrient consumption) and one part is lost in the system (Nutrient net loss).
This content assures the food resource for Plants.

- Nutrient outflow: Nutrient content that leaves the system.

- Nutrient net loss results as lost by Nutrient consumption and Nutrient outflow. As result of
the Particulate Organic Matter bacterial decomposition biological process, inorganic
components (e.g. Nutrients, Heavy metals, Cyanotoxins) are released (recycled) in water
column, decreasing the Nutrient net loss.
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River della
River delta

Nutn'ent inflow

Nutrient net loss Nutrient consumption
Zlmh B
BHigh Zimh 5 <lmh &
®hedium 4 RHigh lnghl "
BLow 2] ®Medivm A BMedium s
®Zero BLow e :LOW v
87ero Zero
.Nutrienr av i
. Nutrient outflow
2k & Zimh I
BHigh BFigh
BCritical level A 9 1
' 7] ®Modium A
o \/ BLow 2
BZero \J
BZero

Figure 1.7.2 Water reservoir - Static MF.
The Water reservoir MF has two children: Nutrient net loss (Figure 1.7.2.1) and Heavy metals

net loss (Figure 1.7.2.2).

@Dd wafer reservoir

River delta
River delta

8 Nutrient outflow

Zimh
BHigh

B Medium
BLow
®Zero

Zimh
BHigh
B Medium
BLow
®7ero

Q- On
gk O

&) Pom bact decomp

Zimh
Zimh BHigh

BHigh & Medium
®Madiu fLow
BLow g ®Zero

8Zero

“ap O

Figure 1.7.2.1 Nutrient net loss - Static MF.

These MFs use

“Water reservoir” MF as parent and add new Quantities,

@Dd water reservoir

River delta
River delta

@ Heavy met outflow

Zimh
BHigh  ©
WMedium A
fLow
8Zero

Zimh

BHigh & BHigh &
®edium 4 ®pMedium A
Blow @ BLow e
®Zero 8Zero

Figure 1.7.2.2 Heavy metals net loss - Static MF.

causal

(Proportionalities, P+/P-) and mathematical dependencies (Equality, Plus/Minus) in order to
define the relationship among Water quantities involved in constructing the two water quantities:
Nutrient net loss, and Heavy metals net loss, respectively.

4. Aquatic population Migration (Figure 1.7.3) and Mortality (Figure 1.7.4) MFs: two MFs

defining two features of any population.
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@ Biological entity
@ Biological entity

Aquatic population

Aquatic population Aquatic biological entity

Aquatic biological entity

Biomass Migration Biomass Mortality

Zlmh

imgh 6 Mzp 6 BHigh o il:_nﬁ;h 5
®\edium BPius A MMedium A BMedium
A ®Zero g fLow %] A
BLow 2 Buin v e v BLow @
®Zero v ®Zero \
Figure 1.7.3 Migration- Static MF. Figure 1.7.4 Mortality- Static MF.

These MFs use the imported, conditional MF “Biological entity” and add, as consequence the
quantity Migration, and Mortality, respectively.

5. In order to provide certain perspectives on the simulation, or to reduce the simulation
complexity, a number of five MFs have been constructed introducing certain Assumptions, as
follows:

5.1. The two previous MFs, Migration and Mortality, are imported as conditional MF, to construct

other MFs that introduce two Assumptions. These MFs are: Assume migration is zero and

steady (Figure 1.7.5), and Assume mortality is medium and steady (Figure 1.7.6).

“*Ry Migration @Monamy

Aquatic population

Aquatic biological entity Aquatic population

Aquatic biological entity

B iomass @ Migration B.iomass Mortality

Zlmh

6 3
BHigh : 4]
Biedium A WP A !:‘Jgh. i BHigh
Bow @ Eezero 3B g edium o W ®)\edium A
8Zoro A\ A vin A\ fLow Biow Mg
®Zero BZero v
@Assume migration is zero and steady @Assume mortality is medium and steady

Figure 1.7.5 Assume migration is zero and steady- Static MF.
Figure 1.7.6 Assume mortality is medium and steady- Static MF.

To introduce the operating assumption that defines any aquatic population behaviour regarding
its migration (immigration or emigration) and particularly a close population, there are assigned
the value Zero and the Derivative Stable to Migration’s quantity, and the assumption “Assume
migration is zero and steady” is added.
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To introduce the simplifying assumption that defines any aquatic population behaviour regarding
its mortality there are assigned the value Medium and the Derivative Stable to Mortality’s
quantity, and the assumption “Assume mortality is medium and steady” is added.

Both population behavioural features, Migration and Mortality, contribute to population Biomass

5.2 Assume medium equality for production and mortality (Figure 1.7.7)

the Quantity Mortality is added.

@ Production

Agquatic population
Aquatic biological entity

Production Biomass Mortality

Zimh

Zimh g

BHigh 5 BHigh Zimh 5

®Medium ®Medium A BHigh
BLow ] Medium A

BLow v AL

®7aro
8Zero

@Assume med equality for production and mortality

Figure 1.7.7 Assume equal medium production and mortality- Static MF.

This MF defines any Aquatic population relationship between its quantities Production and
Mortality. 1t is constructed by importing the MF Production as condition and, as consequence,
The Equality between Medium value of Production and
Mortality, the assumption “Assume medium equality for production and mortality” is introduced.

This assumption introduces a constrain for the two quantities behaviour: to be equal when one

of them are to medium value.

2.3 Assume nutrient consumption Zero and steady (Figure 1.7.8).

@ Dd water reservoir

River delta
River delta

Nutrient consumption

Zimh
BHigh 5
®Medium &
.LOW ,
%]
Euzeo Y

@Assume nutrient comsumption zero and steady

Figure 1.7.8 Assume nutrient consumption is Zero and steady - Static MF.
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This MF is constructed by importing the MF DD water reservoir, as condition, assigning the
value Zero and the Derivative Stable to Nutrient consumption’s quantity, and adding the
assumption “Assume nutrient consumption zero and steady’.

2.4 Assume production is medium and steady (Figure 1.7.9).

@ Production

Aquatic population
Aquatic biological entity

Production .Biomass

ZImh 5 ZImh 6
BHigh A BHigh
: ) A
2 ®)\jedium » o 8 Medium @
BLow \ BLow \ 4
8 7ero B Zero

@Assume production medium steady

Figure 1.7.9 Assume production is medium and steady- Static MF.

This MF is constructed by importing the MF Production, as condition, assigning the value
Medium and the Derivative Stable to Production’s quantity, and adding the assumption “Assume
production is medium and steady”. This MF introduces a simplifying assumption to reduce the
simulation complexity within the Functional Feeding Group relationship.

6. MFs defining the upstream (Figure 1.7.10 Danube River) downstream (Figure 1.7.11)
Western Black Sea), and Danube Delta Human being system’s components (Figure 1.7.12).

River Sea

River Sea Human being

Human being

.Nutrfent inflow BiOdiVE’ sity Human health

ZImh ZImh ZImh

BHigh 6 BHigh 3 BHigh 5
WMedium 4 ®}edium 3 ®hedium A
BLow [} BLow v BLow 3
BZero \ BZero B87ero

Figure 1.7.11 Danube River Figure 1.7.12 Western Black Sea Figure 1.7.13 DD Human being

1.7.2. Process Model Fragments

A Process Model fragments defines the system behavioural characteristics related to a process.
For the Danube Delta Biosphere Reserve QR Model, a number of 39 Process Model fragments
have been constructed and named as seen in Figure 1.7.14.
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Aquatic macrophyte to high nutrient infiow
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Figure 1.7.14 The DDBR QR Model Process Model Fragments name list.
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1. The Model fragments defining the Nutrients behavioural features knowledge within the
Environment/Aquatic ecosystems are: Nutrient build up and River and river delta.

1.1. Nutrient build up MF (Figure 1.7.15) figures the causal (P+, P-, |+), correspondence (Q)
dependency relationship among the River delta Nutrients forms. It is constructed by
importing the Static MF DD water reservoir, and adding the quantity Nutrient build-up rate.
This Nutrient quantity in water (Nutrient build-up rate) results after one part from the
Nutrient that enters the system (Nutrient inflow) is lost by different ways in the system
(Nutrient net loss). The Nutrient build-up rate adds that Nutrient quantity in water (Nutrient
available) which assures the aquatic Plant growth process. As Nutrient build-up rate results
as difference (Minus) between Nutrient inflow and Nutrient net loss, it can take three values
{Minus, Zero, Plus}, as Nutrient inflow can be smaller, equal, or higher than Nutrient net
loss. For one of the three possibilities, Nutrient inflow greater than Nutrient net loss is
figured in the MF shown in Figure 1.7.16.

@Dd water reservoir

River delta
River deita

ent inflow Q) Nutrient net loss

@ Nutrient outflow

B Zero o

Bvin vy Zich ZImh 5
BHigh BHigh
& Critical level A Medium A
BLow e flLow 3
®Zero 87ero

Figure 1.7.15 The Nutrient build- up- Process MF.
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R Nutrient build up

River defta
River delta

ilmh 5 i'zhh 6
High @ ig
®hedium— & & \Vedium a
BLow o flow
8 Zero ®8Zero

Nutrient build up rate
Mzp & @ N“” fent av Nutrient outflow
@

[ [T
®Zero ‘; s
Bvin Zich m
' BHigh 6 BHigh &
W Critical level A BMedium A
BLow 3 BLow 3
BZero 8 Zero

Figure 1.7.16 Nutrient inflow greater than loss- Process MF.

It is constructed as child of the Nutrient build-up parent MF, adding the inequality >, as
condition, between Nutrient inflow and Nutrient net loss.

1.2. The River and river delta MF (Figure 1.7.17) figures the structural (“Flows into”), causal

@Danube river @Dd water reservoir
Flows into
River River delta
iver River delta
@ Nutrient inflow Nutrient inflow
.%@\ 5
High ;
B Medium % :nH.qlg;' X
.LOW ' edium @
BZcro BLow A\

®Zero

Figure 1.7.17 River and river delta - Process MF.

(P+), and correspondence (Q) dependency relationships between the two Aquatic ecosystems:
River and River Delta related to the Nutrient resource for the River Delta.
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2. The Model fragments defining the aquatic Plant behavioural features knowledge regarding its
growth process are:

2.1 Growth

2.2 Growth by Migration only

2.3 Nutrient consumption by Plant

2.4 Production

2.5 Production for Plant

2.6 Aquatic macrophyte

2.7 Phytoplankton growth

To construct the Growth MF, (Figure 1.7.18 The Aquatic Plant Growth Process MF), three MFs
are imported, as conditional MFs (Production, Population exists, and Mortality), and the Growth
quantity is added. In any Plant growth process, Production contributes proportionally positive
(P+) to the Plant growth, instead Mortality contributes with P-.

@Producﬁon @ Population exists @ Mortality
Agquatic population Aquatic population . .
Aquatic biological entity Aquatic biological entity Aquatic population

Aquatic biological entity

SMedium mMedium
.Low
®Zero

ek O

Mzp
fPius
B Zero
i

gk O

Figure 1.7.18 Aquatic Plant Growth- Process MF.

Thus, for the Plant. Growth rate the mathematical calculus (Minus, meaning difference between
Production and Mortality) can be used. The Plant. Biomass quantity is positive direct influenced
(I+) by Growth. Equality between Production and Mortality to their Medium values is introduced,
in order to reduce the simulation complexity.

The Growth MF has three children for the three possible conditions regarding the Plant:
Production and Mortality quantities:

* Production greater than Mortality;

* Production equals Mortality

* Production smaller than Mortality.

In this paper, as example of these MFs, the one that defines the condition Production greater
than Mortality is shown in Figure 1.7.19.
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@ Growth

Aquziic population Aquatic population
Aquatic biological entity Aquatic biological entity

Aquatic population
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Figure 1.7.19 Production greater than Mortality- Process MF.

This MF is constructed by adding to the parent MF Growth the Inequality mathematical
dependency, Greater than (>), between Production and Mortality, as condition.

2.2. Growth by Migration only MF (Figure 1.7.20).

@ Migration

Aquatic population
Aquatic biological entity

BHigh 6 Mzp I3 Mzp )
| Medium A Bruus A W i
Blow o 8Zero g SERm

zoro Y Buvin v BMin Y

Figure 1.7.20 The Plant Growth by Migration only- Process MF.

This MF defines the possible situation when population Growth is based on Migration only. As
there exists one more MF related to Migration feature, “Assume migration is zero and steady”
(Figure 6.3.1), regardless of the Production and Mortality values, these two MFs will define the
process condition when Plant. Growth is Zero, meaning the Biomass is Zero too. This condition
figures that the Plant. Growth process stops.
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2.3 Nutrient consumption by Plant MF (Figure 1.7.21) shows a strong dependency relationship
between any aquatic Plant: Biomass and the environment it belongs, by causal (P+) and
correspondence (Q, dQ) dependency.

1 Dd water reservoir *R Biological entity

Plant
Plant

River delta
Aiver delta ==

Lives in

Aquatic population
Aquatic biological entity

@ Nutrient av

Zich

BHiigh 5 zm
B Critical level A ] High
BLow [ ®Medium g
Zero \j BLow Y
8Zero

Figure 1.7.21 Nutrient consumption by Plant- Process MF.

In order to be possible a River Delta: Nutrient consumption — Aquatic population (Plant):
Biomass relationship, River Delta: Nutrient available quantity > Zero as condition is introduced.
It shows that the Plant: Biomass to be higher than Zero needs indirectly that Nutrient available
to be>Zero.

2.4, Production MF (Figure 1.7.22) is constructed by importing the Biological entity MF, as
condition MF, and adding the quantity Production.

2.5. Production for Plant MF (Figure 1.7.23) is constructed by importing the Dd water
reservoir MF, as condition, to the Production parent MF, and the Plant entity (identical ==
with Aquatic population entity). This MF construction shows:

- the configuration, “Lives in”, as condition, between the Aquatic population and the
environment, River delta;

- causal (P+) and correspondence (Q, dQ) dependency relationship between aquatic Plant
and Environment, River Delta: Nutrient available.

@ Biological entity @ Dd water reservoir @P’ oduction Plant
Plant
Lives in -
Aquatic population River delta Aquatic population
Aquatic biological entity iver delta

Aquatic biological entity

Biomass Production Production

Zimh 5 Zmh g i 5 Zmh__p s
BHigh BHigh BHigh High
SpMedium A BMedium A WCritical level 4 ®Medium A
HLow $ lLow 3 BLow o BLow 3
BZero 8 Zero BZero \j ®Zero

Figure 1.7.22 Production- Process MF. Figure 1.7.23 Production for Plant- Process MF
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2.6 MFs related to Aquatic macrophyte are not presented in this paper as they have the same
structure as Phytoplankton growth MFs, described below.

2.7. Phytoplankton growth MF (Figure 1.7.24) structures one of the aquatic Plants
(Phytoplankton) and Environment behavioural components information in the framework of the
Plant growth process. It is constructed by importing the conditional MF “Production for Plant’
and adding the Phytoplankton entity, as condition (identical “==" with Plant entity), and the River
Delta: Temperature quantity, also as condition. The positive proportionality (P+) relationship
which exists between River Delta: Temperature and Plant. Production is added.

@Producﬁon for plant
- Phytoplankton
Plant Phytoplankton
Plant __
River delta Lives in =F
river delta Aquatic population
Aquatic biological entity

MNutrient av @ @ Production

Zich 5
BHigh ?
B Critical Ievel‘ ilmh B Medium &
High %]
BLow @ . o Blow vy
®Zero v Medium @ BZero
BLow Y
BZero

Figure 1.7.24 Phytoplankton growth - Process MF.

Phytoplankton group Plant contains two main different populations, Diatoms (algae species)

and Blue-green algae (bacteria species). They have different roles within the Aquatic population

Functional Feeding Group relationship (See Table 1.1 Danube Delta Biosphere Reserve

system: Entity summary). Also they behave differently to the same Environment conditions,

such as: River Delta: Nutrient available, and Temperature. That's why, to model the two species

behaviour, 5 MFs have been constructed, as children of Phytoplankton growth MF, as follows:

2.7.1 Diatoms to low nutrient inflow. This MF exemplifies all Plant species (Phytoplankton and
Aquatic Macrophytes) behavioural features knowledge, as all of them have the same
behaviour to the Environment condition: River Delta: Nutrient inflow low.

2.7.2 Diatoms to medium nutrient inflow;,

2.7.3 Diatoms to high nutrient inflow;

2.7.4 Blue-green algae to medium nutrient inflow;,

2.7.5 Blue-green algae to high nutrient inflow,

2.7.6 Blue-green algae and Cyanotoxins production.

As Aquatic Macrophytes have the same behaviour as Blue-green algae species, there are not

constructed MFs for this Plant species.

In this paper, from the above listed MFs (2.7.1 + 2.7.5) two MFs are described and these are:

2.7.3 Diatoms to high Nutrient inflow MF (Figure 1.7.25). This MF is constructed by adding to
the Phytoplankton growth MF parent the entity Diatoms, as condition (identical “==" with
Phytoplankton). The value High of River Delta: Nutrient inflow is assigned, as condition (in red),
meaning that there is modelled the system behaviour restricted (reduced) to this particular
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condition. The Temperature takes all possible values: = Zero, also as condition. As
consequence (in blue colour), the Diatoms: Production takes all values, strictly > Zero because

it is indirectly positively (P+, Q, dQ) influenced by River Delta: Nutrient available which in natural
aquatic ecosystem always is > Zero.

@ Fhytoplankton growth Phytoplankton
Phytoplankton

® Piant =
Piant == N

. F Diatoms
Lives in E—— Diatoms
Riverdeita
River delta Aquatic population
Aquatic biological entity

.Nutrient inflow % Pmducﬁon
ZImh . Nutrient av

2 B High
BMedium A
fLow @ Zich il:(\_hh &
®Zero BHigh M.gd_ A
B Critical Ievel‘ edium g
BLow [} -Low A J
BZero A\ Zero

Figure 1.7.25 Diatoms growth to high Nutrient inflow - Process MF.

When River Delta: Nutrient inflow has the High concentration in water, Diatoms: Production
reaches the value High both for Medium and High River Delta: Temperature. That means there
takes place the so-called “Diatoms bloom” which indicates the water eutrophication condition

(high level of Nutrients concentration in water), and a very low water quality for Aquatic
populations life condition.

2.7.5 Blue-green algae to high Nutrient inflow (Figure 1.7.26). This MF is constructed as the

above MF (Figure 1.7.25) by adding the entity Blue-green algae, as condition, (identical == with
Phytoplankton entity).

\‘% Phytoplankton growth
Phytoplankton
Phytoplankton
Plani & ==
Plant Blue green algae
Blue green algae
Lives in
River delta N
River delta Aquatic population
@ Aquatic biological entity

.Nutrfent inflow

—_ 5 Nurrient ay @ Production

2 BHigh
®\Vedium A 7ich
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Blow 2 BHigh 8
v Zimh
®Zero BCritical level A 1mh High
2] sy
BLow v BHigh /@\s.

Medium
87
ere B Mediuny Low
o ®Zero
Zero

Figure 1.7.26 Blue-green algae growth process to high Nutrient inflow - Process MF.
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When River Delta: Nutrient inflow has the High concentration in water, Blue-green algae:
Production reaches the value High only High River Delta: Temperature. That means that “Blue-
green algae bloom” takes place in the same time with “Diatoms bloom” only for the condition:
both Nutrient inflow and Temperature are to their maximum value: High. When both Diatoms
bloom and Blue-green algae bloom occur in the same time, it indicates a High degree of water
pollution, and a high lack of oxygen in water, meaning very poor, or almost no life conditions for
Aquatic populations.

2.8 Blue-green algae and Cyanotoxins MF (Figure 1.7.27).

Biological entity ;
@ Blue green algae @Dd water reservoir

Blue green algae*

Lives in
River delta
River delta

guatic population
Aquatic biological entity

BHigh Zlmh § 9 Zich
Medium A BHigh BHigh 6
.Low v ®iedium A Critical level A
B8 7ero BLow v BLow @
WZero 8Zero v

Figure 1.7.27 Blue-green algae and Cyanotoxins - Process MF.

This MF figures the production of River delta: Cyanotoxins (one of the main water pollutants), as
result of the biological process of Particulate Organic Matter bacterial decomposition (named
shortly Pom bact decomp) of aquatic plant Blue-green algae.

3 Model fragments defining the aquatic Animal behavioural features knowledge regarding its
growth process are:

3.1 Zooplankton growth process (Figure 1.7.28);

3.2 Fish growth process (Figure 1.7.29);

3.3 Bird growth process (Figure 1.7.30);

3.4 Macroinvertebrate growth process (Figure 1.7.31).

These MFs figure the structural and behavioural correlations between two Aquatic populations,
which in the framework of the Functional Feeding Group relationships have different roles: one
is the predator and the other one is the prey.
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Figure 1.7.29 Fish growth process - Process MF.
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@Producﬁon & Mortality
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Bird == Fish
quaﬁ_c POFUla fff’” _ Aquatic population
Aquatic biological entity Aquatic biological entity
e @ Mortality @ T —
Zlmh/@\ &
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Figure 1.7.30 Bird growth process - Process MF.
@Production @MOﬂaffty
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Figure 1.7.31 Macroinvertebrate growth process - Process MF.

The same principle is used in constructing all of these MFs (1.7.28 + 1.7.31), as follows:
- there are imported, as conditional MFs, both the Production MF addressing the predator
Aquatic population species., and Mortality MF addressing the prey Aquatic population
species;
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- the configuration “Feeds on” is added as condition;

- the causal (P+) and correspondence (Q) dependency relationships between predator
Aquatic population: Biomass and prey Aquatic population: Mortality are implemented;

- the causal (P+) and correspondence (Q) dependency relationships between prey Aquatic
population: Biomass and prey Aquatic population: Production are implemented.

4 The Model fragments defining the system Heavy metals behavioural features knowledge
regarding this water pollutant forms, are:

4.1 Heavy metals build-up (Figure 1.7.32);

4.2 Heavy metals inflow greater than heavy metals net loss (Figure 1.7.33);

4.3 Heavy metals bioaccumulation in aquatic organism bodies (Figure 1.7.34).

The MF Heavy metals build-up (Figure 1.7.32) figures the causal (P+, P-, I+), correspondence
(Q) dependency relationship among the River delta: Heavy metals forms.

It is constructed by importing the Static MFs Danube River and DD water reservoir. The
configuration “Flows into” is added as condition.

All model quantities are added as consequence, excepting Heavy metals net loss which is
added as condition. This Heavy metals quantity in water (Heavy metals build-up rate) results
after one part from the Heavy metals that enters the system (Heavy metals inflow) is lost by
different ways in the system (Heavy metals net loss).

@ Danube river @ Dd water reservoir

Flows into

River delfa
Rivei delta

37 Heavy met net loss

Zimh &
BHigh

B Medium A
BLow 2
®7Zero v

(3 Heavy met bioacc

Mzp 8 Zlch 6 Zimh 6

[ T BHigh A WHigh i

®Zer0 B WCritical level g Medium @

Bvin A\ BLow fLow A
BZero ®Zero

Figure 1.7.32 Heavy metals build-up - Process MF.

The Heavy metals build-up rate quantity adds Heavy metals quantity in water (Heavy metals
available) which “contributes” to the Water pollution process (See Figure 1.7.35 Water pollution
process MF). As Heavy metals build-up rate results as difference between Heavy metals inflow
and Heavy metals net loss, it can take three possible values {Minus, Zero, Plus}, as Heavy
metals inflow can be smaller, equal, or higher than Heavy metals net loss. As example for the
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three possible system conditions, the Heavy metals inflow greater than Nutrient net loss one is
figured in the MF shown in Figure 1.7.33.

@Heavy metals build up
. River delta
River Flows into Sesiheuinl
River @
- () Heavy met net loss
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Figure 1.7.33 Heavy metals inflow greater than heavy metals net loss - Process MF.

The Heavy metals inflow greater than heavy metals net loss MF (Figure 1.7.33) is constructed
as one of the three children of Heavy metals build-up parent MF (Figure 1.7.32) to which the
inequality, “>” is added as condition (in red colour), between the two compared Heavy metals
forms: Heavy metals inflow and Heavy metals net loss.

@ Dd water reservoir

River dzlia ==

@Bﬁological entity
River delta
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flow
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Figure 1.7.34 Heavy metals bioaccumulation in aquatic organism bodies - Process MF.

The Heavy metals bioaccumulation in aquatic organism bodies MF (Figure 1.7.34) figures the

structural and behavioural relationships between any Aquatic population and the River delta,

regarding the Aquatic population: Biomass and one of the River delta: Heavy metals forms in
4411 /1280
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water, Heavy metals bioaccumulation in aquatic organism bodies (shortly named as Heavy met
bioacc).

This MF is constructed by importing both the DD water reservoir and Biological entity, as
conditional MFs.

The Heavy metals bioaccumulation in aquatic organism bodies has the same role as Nutrient
consumption by any aquatic Plant species, this Heavy metals form is “consumed” by any
aquatic organism body, by bioaccumulation. Thus, this Heavy metals form constitutes one of the
Heavy metals net loss quantities (along with Heavy metals outflow, as shown in Figure 1.7.2.2
Heavy metals net loss Static MF).

Between any Aquatic population: Biomass and the River delta: Heavy metals bioaccumulation
in aquatic organism bodies a close correlation exists within their behaviour, figured qualitatively
by positive proportionality (P+) and direct correspondence (Q, dQ).

5 Model fragments defining the Water pollution behavioural features knowledge regarding this
water chemical process are:
5.1. DD Water pollution process (Figure 1.7.35);
5.2. DD Water pollution and dd aquatic population biodiversity (Figure 1.7.36);
5.3. DD Water pollution and Black Sea biodiversity (Figure 1.7.37).

The DD Water pollution process MF (Figure 1.7.35) figures the main water pollutants behaviour

related to the Water pollution process. The Water pollution rate is positively indirectly influenced
(P+) by all water pollutants: Nutrient available, Heavy metals available, and Cyanotoxins.

@Dd water reservoir

River delta
River delta

8 Cyanotoxins

Zlch BHigh

. B Critical level g
Ingh Blow Zlch 1¢)
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[}
v
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Figure 1.7.35 DD Water pollution process- Process MF.

This MF is constructed by importing the MF DD water reservoir, as condition, adding Heavy
metals available, and Cyanotoxins quantities, as condition, and Water pollution rate quantity, as
consequence.

The DD Water pollution and dd aquatic population biodiversity MF (Figure 1.7.36) figures the
structural and behavioural relationships between River delta and the Aquatic population, related
to River delta: Water pollution influence on Aquatic population components behaviour.
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Figure 1.7.36 DD Water pollution and dd aquatic population biodiversity - Process MF.

The MF is constructed by importing both DD water pollution and Mortality, as conditional MFs.
The configuration “Lives in” introduces the structural relationship indicating that Aquatic
population entity is part of the River delta entity.

Aquatic population: Biodiversity is added as consequence.

For the Water pollution process to take effect, the value Plus of this quantity is assigned.

As consequence, the River delta: Water pollution rate has a direct positive influence on Aquatic
population: Mortality. Therefore a causal dependency (I+) is figured between them. A negative
proportionality (P-) causal dependency relationship exists between Aquatic population: Mortality
and Biodiversity.

To reduce the simulation complexity, the correspondence (V) dependency between the Aquatic
population: Mortality and Biodiversity values, and the assumption “Assume production medium
steady” are added.

The DD Water pollution and Black Sea biodiversity MF (Figure 1.7.37) figures the structural and
behavioural relationships between River delta and the Western Black Sea: Biodiversity
behaviour, related to River delta: Water pollution influence on Western Black Sea: Biodiversity
component behaviour.

The MF is constructed by importing both DD water pollution and Western Black Sea, as
conditional MFs. The configuration “Flows into” introduces the structural relationship between
these two entities.

For the Water pollution process to take effect, the value Plus of this quantity is assigned, as
condition, and as consequence the River delta: Water pollution rate has a direct negative
influence (I-) on Western Black Sea: Biodiversity.
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Figure 1.7.37 DD Water pollution and Black Sea biodiversity - Process MF.

6 Model fragments defining the Human being behavioural features knowledge regarding the
Human health aspects, for those people living in or around the modelled system, related to
the system’s Water and Fish quality. The MFs are:

6.1 Human being health (Figure 1.7.38);
6.2 Human being health affected by water consumption (Figure 1.7.39);
6.3 Human being health affected by fish consumption (Figure 1.7.40).

@Dd human being

Human being
Human being

. Human health

Zimh
HHigh
BMedium
BLow
BZero

g O

Figure 1.7.38 Human being health MF.

The Human being health MF shows the only modelled Human being quantity: Human health.

The MF is imported, as conditional MF, and constitutes the parent MF for the two children
deriving from this.
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Figure 1.7.39 Human being health influenced by water consumption - Process MF.

The Human being health affected by water consumption MF models the existent correlation
between the two main water pollutants (Nutrients and Heavy metals) and the Human health, if
the assumption “Assume dd water human being water consumption positive” is true.

Both Nutrients and especially the Heavy metals have a negative indirect influence, negative
Proportionality, on Human being health.

To reduce the simulation complexity, correspondence (V) dependency relationships between
the River delta: Heavy metals available and Human health values have been figured.

Nutrient available has a negative effect on Human health only if in High value.
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Figure 1.7.40 Human being health influenced by fish consumption - Process MF.

The Human being health affected by Fish consumption MF models the existent correlation
between the Fish: Heavy metals bioaccumulated in fish (muscle tissue) and the Human health,
if the assumption “Assume human being fish consumption positive” is true.
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Heavy metals bioaccumulated in fish (muscle tissue) has a negative indirect influence, negative
Proportionality (P-), on Human being health. To reduce the simulation complexity,
correspondence (V) dependency relationships between the Fish: Heavy metals bioaccumulated
in fish and Human health / Fish: Production values have been figured.

1.7.3. Agent Model Fragments

The Agent Model fragments define the Agents behavioural features knowledge regarding their
effects on the modelled system components.

These MFs are introduced in the DDBR QR Model to figure the most important water pollutants
(Nutrients and Heavy metals) as external influence on the modelled system components
behaviour.

There are two Agent MFs constructed for the two Agents of the modelled system (Figure 1.7.41.
The Agent Model fragments name list).

i
“& <Heavy metals run off from industry
Agent b
Nutrient rur off by farming

Figure 1.7.41 The Agent Model fragments name list.
These are:

1. Nutrient run-off by Agriculture (Figure 1.7.42);
2. Heavy metals run-off from Industry (Figure 1.7.43).

Agriculture ) '
Agriculture @ Danube river s @Danube river
Industry
In catchment area Of\"s River In catchment area of
River River

@ River

Nutrient run off L @
& (@) Nutrient inflow el matrin of L

Z\mh///@>\~ /4@-\‘
6 Zimh ZImh
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®Medium 4 BHigh Brign BHigh &

BLow 3 BMedium g ®Medium A BMedium 4

87Zcro0 BLow BLow e BLow %}
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Figure 1.7.42 Nutrient run-off by Agriculture  Figure 1.7.43 Heavy metals run-off from industry

The MFs are constructed by introducing the two Agents with their specific quantity Agriculture:
Nutrient run-off and Industry. Heavy metals run-off, respectively. The configuration “/In
catchment area of’ shows that the two main water pollutants run-off takes place at the entire
hydrographic basin scale of the River. The MF Danube River is imported, as conditional MF. As
there is a strong correlation between the two quantities of the Agent and River entity,
respectively, Nutrient run-off | Heavy metals run-off and Nutrient inflow | Heavy metals inflow a
positive proportionality (P+) and a correspondence (Q) are introduced used.
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2. Simulation results

Scenarios concerning the aquatic Plant growth process

State graph

2.1. Scenarios
The Scenarios constructed to model the DDBR aquatic ecosystem behaviour refer to the
following modelled system active processes (as listed in Figure 1.6 The DDBR system QR
model Scenarios names, and described in subsection 1.6.1 Scenario description):

Scenarios concerning the aquatic Plant growth process for different initial values of Nutrient
inflow in the modelled system:

* Sce01 Diatoms growth process to low Nutrient inflow

* Sce02 Diatoms growth process to medium Nutrient inflow

* Sce03 Diatoms growth process to high Nutrient inflow

* Sce04 Blue-green algae growth process to medium Nutrient inflow

* Sce05 Blue-green algae growth process to high Nutrient inflow.

From the five Scenarios constructed to model the aquatic Plant growth process, the simulation
results are presented for two of them, as follows:

Scenario Sce01 Diatoms growth process to Low Nutrient inflow (Figure 2.1);

Scenario Sce05 Blue-green algae growth process to High Nutrient inflow (Figure 2.2).

These two Plant species are separately modelled as they have different behaviour for the same
Environment conditions, and different roles within the Functional Feeding Groups: Diatoms
(microscopic algae) are food resource for many aquatic species, especially for Zooplankton
(See the process MF “Zooplankton growth process”, Figure 1.7.28), instead Blue-green algae
(bacteria species) are (most of them) water poisoning species, especially due to Cyanotoxins
(released in water as result of POM bacterial decomposition process) thus “contributing” to
Water pollution process, and to Aquatic population: Mortality, implicitly (See the process MF
“Blue green algae and cyanotoxins”, Figure 1.7.27).

As Aquatic macrophytes have the same behaviour as Blue-green algae, there is not constructed
a scenario for this Plant species, too.
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Figure 2.2 Sce05 Blue-green algae growth process to High Nutrient inflow Scenario.

2.2. Begin states
Begin states in Scenarios concerning the aquatic Plant growth process for different initial
values of Nutrient inflow in the modelled system:
Begin and end-states in Scenario Sce01 Diatoms growth process to Low Nutrient inflow;
Begin and end-states in Scenario Sce05 Blue-green algae growth process to High Nutrient
inflow.

The two Scenarios modelled the aquatic Plant species growth process for two different food
resource (Nutrient) conditions.
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Thus, within these two Scenarios, Sce01/Sce05 the same initial values are assigned for all
quantities, excepting the Agriculture: Nutrient run-off, as follows:

Agriculture: Nutrient run-off: Low/Constant, and High/Constant, respectively.

Diatoms / Blue green algae: Biomass: Medium/None

River delta: Nutrient available: Low/None; Nutrient net loss: Medium/None; Temperature:
Zero/Increase, Pom bacterial decomposition: Medium/Steady.

In these initial conditions of the Plant growth process, the same 4 initial states are generated
(for each of the two scenarios), as described in Table 2.1, and shown in Figure 2.3 (The state-
graph of Initial states).

2.2.1. Begin states definition

Within aquatic ecosystems, in the framework of any Plant growth process, the main water
quantities that trigger this process are: water Nutrient concentration, and water Temperature.

In these ecosystems, when Agriculture: Nutrient run-off (as Agent) is Low (Medium, or High),
so is the River and River Delta: Nutrient inflow.

Thus, three different conditions for water Nutrient concentration can exist, because its value can
be Low, Medium, or High.

The process starts when water Nutrient concentration is at least Low, 0. The value Zero never
occurs because a river or lake ecosystem water Nutrient concentration has two main resources:
an outside (as Nutrient inflow) and an in-stream one (based on in-stream physical, chemical and
biological processes). That's why the lowest possible value for water Nutrient is Low, -, when
the process can stop.

The water Nutrient has different forms as result of aquatic physical, chemical and biological

processes, such as:

1. Nutrient inflow — the Nutrient quantity that enters the system from an outside resource.

2. Nutrient consumption — the Nutrient quantity consumed by Plant and influenced by the
Plant: Biomass quantity. Nutrient consumption can be Zero if the Biomass is Zero.

3. Nutrient available - the Nutrient quantity that assures the Plant: Production.

4. Nutrient outflow - the Nutrient quantity that leaves the system.

5. Nutrient net loss- the Nutrient quantity that is “lost” in the system both as Plant Nutrient
consumption and Nutrient outflow. So, an important quantity of Nutrient is lost this way. But,
by Particulate organic matter bacterial decomposition (a biological process) a significant
quantity of Nutrient is released (recycled) in water column, diminishing the Nutrient net loss.

6. Nutrient build-up rate - the Nutrient quantity that has a direct positive influence on Nutrient
available. Never is Zero. Nutrient build-up rate is indirect positively influenced by Nutrient
inflow and negatively by Nutrient net loss. So, this quantity value has the greatest variability
being indirectly both positively and negatively influenced by Nutrient inflow, Nutrient
consumption, Nutrient outflow, and Particulate organic matter bacterial decomposition.

That's why this quantity is responsible for differentiating the initial states in any Plant growth

process Scenario Simulation.

The water Temperature can influence the quantities involved in Plant growth process when is
equal or higher than Zero. At water Temperature Zero, +, the process starts, and Plant die when
Temperature is High, +, meaning the end of the process.

The same 4 initial states are generated for any aquatic Plant growth process by Scenario

Simulation, even if it starts from a different value for Nutrient inflow. Low, Medium, or High.

They are determined by the 4 possible initial values of River Delta: Nutrient build up rate (Plus,

+; Plus, 0; Plus, -; Minus, -), as responsible to start the process within one of the following

initial conditions:

1. Agriculture: Nutrient run-off can be Low/ Constant (Sce01), Medium/ Constant (Sce02 and
Sce04) or High/ Constant (Sce03 and Sce05).
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River Delta: Nutrient available Low/None (Sce01+ Sce05);

Nutrient net loss: Medium/None(Sce01+ Sce05);

Pom bacterial decomposition: Medium/Steady(Sce01+ Sce05);

Temperature: Zero/Increase (Sce01+ Sce05), and

. Diatoms: Biomass Medium/None (Sce0+ Sce05).

The 4 initial states have the same content for all five Scenarios. The only difference among
Scenarios is given by the Agriculture: Nutrient run-off (and by River and River Delta: Nutrient
inflow implicitly) value which is Low in Sce01, Medium in Sce02 and Sce04, and High in Sce03
and Sce05.

These initial quantity values which trigger changes on quantity values involved in any aquatic
Plant growth process are presented in Table 2.1, and in Dependency diagrams of initial states
(Figures 2.6 and 2.7).

SESIEAYN

2.2.2. Quantities and quantity values

Table 2.1 Quantities and quantity values of the 4 Initial states for Scenarios related to
aquatic Plant growth process.

Quantity Sce01 Sce05
Diatoms growth process Blue-green algae growth
to Low Nutrient inflow process
Quantity values to High Nutrient inflow
Quantity values
River delta: Nutrient available L+ L+ L+ L, - same
River delta: Nutrient build up | P,+; P,0; P,-; Minus,+ same
rate
River delta: Nutrient | M,-; M,-; M,-; M,- same
consumption
River delta: Nutrient inflow L,0;L,0;L,0;L,0 H,0; H,0; H,0; H,0
River delta: Nutrient net loss M,-; M,0; M,+; M, - same
River delta: Nutrient outflow L+ L+ L+ L, - same
River delta: Pom bact | M,0; M,0; M,0; M,0 same
decomposition
River delta: Temperature 2+, 2+, 2+, 2+ same
River: Nutrient inflow L,0;L,0;L,0;L,0 H,0; H,0; H,0; H,0
Diatoms: Biomass M,-; M,-; M,-; M, - same
Diatoms: Growth Minus,+; Minus,+; Minus,+; | same
Minus,-
Diatoms: Migration Z,0;20;Z,0; Z,0 same
Diatoms: Mortality M,0; M,0; M,0; M,0 same
Diatoms: Production L+ L+ L+ L, - same
Agriculture: Nutrient run-off L,0; L,0; L,0; L,0 H,0; H,0; H,0; H,0

2.2.3. State-graph

By Scenario simulation a number of 4 initial states result. Initial state-graph is presented in
Figure 2.3.

©0©
©

Figure 2.3 Sce01/Sce05: The state-graph of Initial states.
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As one can notice the quantity values of the 4 Initial states (Table 2.1), the feedback to initial
quantity values is given by: River delta: Nutrient available (which has the first 3 values L,+, and
the last one L,-), Nutrient Build-up rate (which has 4 different values), Nutrient net loss

(which has 3 different values), Nutrient outflow and Production (which have the same behaviour
as Nutrient available); Diatoms (or Blue-green algae). Growth (which has the first 3 values
Minus,+, and the last, Minus,-: , as the same behaviour as Nutrient available).

2.2.4. Equation history

Equation history of initial states shows inequalities between some system component quantity
values, those quantities able to start the process, as follows:

1.
2.
3.

4.
5.

Diatoms: Biomass > Zero
River Delta: Nutrient available > Zero

River Delta: Nutrient available > Nutrient net loss, within first 3 states and < within the last
one

Diatoms: Production < Mortality
River Delta: Temperature >=Zero within all initial states.

Biomass (Diatoms) ? Zero
>> > >

1234

Nutrient av (Danube delta) ? Zero
> > > >
1234

Nutrient inflow (Danube delta) ? Nutrient net loss (Danube delta)
> > > <

1234

Production (Diatoms) ? Mortality (Diatoms)
<< < <

1234

Temperature (Danube delta) ? Zero
S= 5= 3= =

1 2 3 4

Figure 2.4 Sce01/Sce05: Equation history of Initial states.

2.2.5. Value history graphs

Information on the 4 initial states quantities and quantity values is provided in the Value history
graphs (Figure 2.5), as described in Table 2.1.
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Figure 2.5 Sce01 Quantities and quantity values of the 4 Initial states: Value history graph.

2.2.6. Dependency diagrams

Dependency diagrams of initial states show initial values of quantities and how they are
interrelated (Figures 2.6 and 2.7). Two of the possible start conditions are shown in Figure 2.6
and 2.7.
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Figure 2.6 Sce01/Sce05: Dependency diagram of Initial state 1.
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Figure 2.7 Sce01/Sce05: Dependency diagram of initial State 4.
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2.3. State-graphs

All states generated by full simulation, starting from the 4 initial states, are presented in Figures

2.8, and 2.9, for Sce01, and Sce05, respectively. In these Figures the global state-graph is
shown and initial and end-states are selected (red coloured).

By full simulation of Sce01, the 4 initial states (1, 2, 3, and 4) generate a total number of 44
states. Two of them are end-states: 25 and 42.

Figure 2.8 Sce01 Diatoms to low Nutrient inflow — State-graph.
I. 4 initial states: 1, 2, 3, and 4 (red coloured).
[I. Full simulation states: 44 states.
lll. 2 end states: 25 and 42 (red coloured).

By full simulation of Sce05, the same 4 initial states as in Sce01 (1, 2, 3, and 4) generate a total
number of 33 states. Three of them are end-states: 5, 21 and 31 (Figure 2.9).
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Figure 2.9 Sce05 Blue-green algae to High Nutrient inflow - State-graph:
I. 4 initial states: 1, 2, 3, and 4 (red coloured)
II. Full simulation states: 33
lll. 3 end states: 5, 21, and 31 (red coloured).

2.4. End-states

2.4.1. End- states definition

End-states define the extreme possible quantity values which all quantities (those “responsible”
for generating changes on other quantities) can reach them in the same time. From an end-
state, these quantities can not change / generate any possible change on other quantities. So,
an end-state is the limit (either the highest, or the lowest) the system can reach it, based on
those extreme values the quantities can reach. Thus, an end-state show the conditions when a
process stops. Within a state-graph an end-state ends one or more paths of states.

2.4.2. End-states in Sce01

The end-state 25 ends the only path of states generated from initial state 4 (see Figure 2.8
Sce01 State-graph). State 4 is the only initial state with Low, - value for River delta: Nutrient
available (See Figure 2.10). For the other three initial states [1, 2, 3], this value is Low, +. In
end-state 25: extreme value Low, - is reached by River delta: Nutrient available, Nutrient net
loss, and Diatoms: Production; and the other extreme value High, + is reached by Water:
Temperature. In natural aquatic ecosystems, Nutrient never reaches Zero. That's why, Low, - is
an extreme value that River delta: Nutrient available for Plant growth can reach it and can stop
the process.

The end-state 42 ends all path of states generated from initial states 1, 2, and 3. In end-state
42, extreme value High, + is reached by River delta: Nutrient net loss, and Temperature, and
Zero, 0 is reached by Diatoms: Biomass, and Biomass is Zero, 0 regardless of Diatoms:
Production and Diatoms: Mortality, because in this state are active (see Figure 2.11 the MFs
“Growth by migration only: Diatoms”, where Migration is Zero/Steady, “Assume migration is zero
and steady:. Diatoms”, and “Population none existing: Diatoms”. Also, Water. Temperature is
High, +. All these extreme quantity values can stop the process.
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2.4.3. Quantities and quantity values in Sce01
Quantities and their values of the two end-states 25 and 42 of Sce01 state-graph are presented

in Figure 2.10.

&

K

Biomass (Diatoms):

Growth (Diatoms):

Migration (Diatoms):

Martality (Diatoms):

Mutrient av (Danube delta):

Mutrient build up rate (Danube delta):
Mutrient consumption (Danube delta):
Mutrient inflow (Danube delta):
Mutrient inflow (Danube river):
Mutrient net loss (Danube delta):
Mutrient outflow (Danube delta):
Mutrient run off (Farming):

Pom bact decomp (Danube delta):
Praduction (Diatoms):

Terperature (Danube delta):

.;.

Lo, - Biomass (Diatomns): Lero, 0
Min, - Growth (Diatoms): Zero, 0
Zero, 0 Migration (Diatorns): Zero, 0
Medium, 0 Mlortality (Diatoms): Medium, 0
Lo, - Mutrient av (Danube delta): Low, +
Min, + Mutrient build up rate (Danube delta):  Plus, -
Lo, - Mutrient consumption (Danube delta): Zero, O
Lowe, O Mutrient inflow (Danube delta): Low, O
Lo, O Mutrient inflow (Danube river): Low, 0
Lo, - Mutrient net loss (Danube delta): High, +
Lo, - Mutrient outflow (Danube delta): Low, +
Low, O Mutrient run off (Farming): Low, O
Medium, 0 Paorn bact decornp (Danube delta): Medium, 0
Lo, - Froduction {Diatoms): Law, +
High, + Ternperature (Danube delta): High, +
¢

Figure 2.10 Sce01: End states 25 and 42 Quantities and Quantity values.

For end-state 25 the process is stopped as result of two extreme quantity values: River delta:
Nutrient available Low, - and Water. Temperature High, +.
For end-state 42 the process is stopped as result of three extreme quantity values: Diatoms:
Biomass Zero, 0, River delta: Nutrient net loss High, +, Water. Temperature High, +.

2.4.4. Active MFs in initial and end states in Sce01

The active Model fragments in Sce01 initial and end-states are as listed in Figure 2.11. For
initial state 1 (2 and 3, too) and end-state 25, same MFs are active. Instead, in end-state 42,
“Growth by migration only” MF (where Migration is assumed Zero/Steady) and “Population none
existing” MF (where Biomass is equal Zero) are active, regardless of the Diatoms: Production
and Mortality quantity values. That conditions end the process.

&
2

@ Simulate - Model fragments in state 42

=]

Assume migration is zero and steady: Diatoms
Assurne mortality is medium and steady: Diatoms
Biological entity: Diatoms

Danube river: Danube river

Dd water reservair: Danube delta

Diatorns to low nutrient inflow: Diators, Danube delta
Growth: Diatorms

Migration: Diatoms

Mortality: Diatoms

Mutrient build up: Danube delta

Mutrient consurnption in danube dalta: Danube delta, Distoms
Mutrient inflow gr loss: Danube delta

Mutrient net loss: Danube delta

Mutrient run off by farming: Danube river, Farming
Phytoplankton growth: Diatorns, Danube delta
Fopulation exists: Diatoms

Frod sm mont: Diatoms

Production for plant: Diatomes, Danube delta
Fraduction: Diatorns

River and river delta: Danube delta, Danube river

Assume migration is zero and steady; Diatoms
Assume maortality is medium and steady: Diatoms
Biological entity: Diatoms

Danube river: Danube river

Dd water resenair. Danube delta

Growth: Diatoms

Migration: Diatoms

Mortality: Diatoms

MNutrient build up: Danube delta

Mutrient consumption in danube dalta: Danube delta,
Nutrient inflaw sm loss: Danube delta

Nutrient net loss: Danube delta

Mutrient run off by farming: Danube river, Farming
Phytoplankton growth: Diatoms, Danube delta
Fopulation exists: Diatoms

Frod sm mort: Diatoms

Production for plant: Diatoms, Danube delta
Froduction: Diatorms

River and river delta: Danube delta, Danube river

Diatorns to low nutrient inflowe Diators, Danube delta

D

Assurme migration is zero and steady: Diatoms
Agsume mortality i medium and steady: Distoms
Biological entity: Diatoms

Danube river: Danube river

Dd water reservair: Danube delta

Diatoms to low nutrient inflow: Diatoms, Danube delta
Growth by migration only: Diatoms

Migration: Diatoms

Mortality: Diatoms

Mutrient build up: Danube delta

Mutrient consumption in danube dalta: Danube delta, Diatoms
Mutrient inflow gr loss: Danube delta

Mutrient net loss: Danube delta

Mutrient run off by farring: Danube river, Farming
Phytoplankton growth: Diatoms, Danube delta
Population none existing: Distoms

Production for plant: Diatoms, Danube delta
Production: Diatams

River and river delta; Danube delta, Danube river

4l o 4

2

& 9 4

& 2 8

T

Figure 2.11 Sce01 Active MFs within initial state 1 and the two end states 25 and 42.
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2.4.5. End-states in Sce05

In Sce05 the end-states are 5, 21, and 31 (see Figure 2.9 Sce05 State-graph). They define the
end of the Plant growth process as result of the lowest possible value for Nutrient available:
Low, -, which occurs in end-state 5. The same behaviour takes place in end-state 25 in Sce01.
That can stop the Plant growth process (See the value history graph in Figure 2.12).

Danube delta: Nutrient inflow

® ® ® ® ® ® ® High

Low Biomass (Blue green algae) ? Zero
Zero > ms s> = >
1 g8 =% & @l e 1234521 31

Migration (Blue green algae) 7 Growth (Blue green algae)

@ @ High =
Ciritical level 21
® & & ® ® Low
Zero Nutrient av (Danube delta) ? Zero

1 2 3 4 5 21 3 S5 ms s S

1234521 31

@ Plus Nutrient inflow (Danube deilta) ? Nutrient net loss (Danube delta)
®—— Zero >>><< > >
® oo 90 Ny 1234521 31

1 a8 % 8@ 3 Production (Blue green algae) ? Mortality (Blue green algae)

Blue green algae: Biomass <« << << > >
1234521 3
@) High
OO — Medum Temperature (Danube delta) ? Zero
(\J] Low o
. >= >= >= >= >= >= >=
1 2 3 4 5 21 3 1 2 3 4 5 2131

Figure 2.12 Sce05: Initial (1, 2, 3, and 4) and end-states (5, 21, and 31) value history diagram
and equation history.

Zero, 0 value is reached by Blue green algae: Biomass in end-state 21. The behaviour of end-
state 21 is similar to the one of end-state 42 in Sce01, when the Blue green algae: Biomass: is
Zero, regardless of the Blue green algae: Production and Blue green algae: Mortality, because
in this state are active (see Figure 2.13) the MFs “Growth by migration only: Blue green algae”,
when Migration is Zero/Steady, “Assume migration is zero and steady”, and “Population none
existing: Blue green algae”, and the Dependency diagram of state 21 (Figure 2.14). Also, Water:
Temperature is High, +. All these extreme quantity values can stop the process.
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2.4.6. Active MFs in initial and end states — Sce05

The active Model fragments in Sce05 initial and end-states are as listed in Figure 2.13. For
initial state 1 and end-state 5 and 31 same MFs are active. Instead, in end-state 21, “Growth by
migration only” MF (where Migration is assumed Zero/Steady) and “Population none existing”
(where Biomass is equal Zero) MFs are active. That conditions end the process.

®

0

©

Assume migration is zero and steady: Blue green algae

Assume martality is medium and steady: Blue green algae

Biological entity: Blue green algae

Blue green algae to high nutrient inflow: Blue green algae, Danube delt
Danube river: Danube river

Dd water reservoir: Danube delta

Growth: Blue green algae

Migration: Blue green algae

Martality: Blue green algae

Nutrient build up: Danube delta

Mutrient consumption in danube dalta: Danube delta, Blue green algae
Mutrient inflowe gr loss: Danube delta

Mutrient net loss: Danube delta

Mutrient run off by farming: Danube river, Farming

Phytoplankton growth: Blue green algae, Danube delta

Population exists: Blue green algae

Prod sm mart: Blue green algae

Production for plant: Blue green algae, Danube delta

Production: Blue green algae

River and river delta: Danube delta, Danube river

Assurme migration is zero and steady: Blue green algae

Assume mortality is medium and steady: Blue green algae

Biological entity: Blue green alyae

Blue green algae to high nutrient inflow: Blue green algae, Danube delta
Danube river: Danube river

Dd water reservair: Danube delta

Growth: Blue green algae

Migration: Blue green algae

Wlortality: Blue green algae

Mutrient build up: Danube delta

Mutrient consurmption in danube dalta: Danube delta, Blue green algae
Mutrient inflow sm loss: Danube delta

Mutrient net loss: Danube delta

Mutrient run off by farming: Danube river, Farming

Phytoplankton growth: Blue green algae, Danube delta

Population exists: Blue green algae

Prod sm mort: Blue green algae

Production for plant: Blue green algae, Danube delta

Production: Blue green algae

River and river delta; Danube delta, Danube river

fﬁ Simulate - Model fragments in state 21

BE)

Assume migration is zero and steady: Blue green algae

Assume mortality is medium and steady: Blue green algae

Biological entity: Blue green algae

Blue green algae to high nutrient inflow: Blue green algae, Danube del
Danube river: Danube river

Dd water reservoir: Danube delta

Growth by migration only; Blue green algae

Migration: Blue green algae

Mortality: Blue green algae

Mutrient build up: Danube delta

Mutrient consumption in danube dalta: Danube delta, Blue green algae
Nutrient inflowe gr loss: Danube delta

MNutrient net loss: Danube delta

Mutrient run off by farming: Danube river, Farming

Phytoplankton growth: Blue green algae, Danube delta

Population none existing: Blue green algae

Production for plant: Blue green algae, Danube delta

Production: Blue green algae

River and river delta: Danube delta, Danube river

Asgsume migration is zero and steady: Blue green algae

Assume mortality is medium and steady: Blue green algae

Biological entity: Blue green algae

Blue green algae to high nutrient inflow: Blue green algae, Danube delta
Danube river: Danube river

Dd water reservoir. Danube delta

Growth: Blue green algae

hligration: Blue green algae

Mortality: Blue green algae

Mutrient build up: Danube delta

Mutrient consurmption in danube dalta: Danube delta, Blue green algae
Mutrient inflow gr loss: Danube delta

Mutrient net loss: Danube delta

Mutrient run off by farming: Danube river, Farming

Phytoplankton growth: Blue green algae, Danube delta

Population exists: Blue green algae

Prod gr mort: Blue green algae

Production for plant: Blue green algae, Danube delta

Production: Blue green algae

River and river delta: Danube delta, Danube river

% 2 8 [

4 3 4

Figure 2.13 Sce05: Active MFs in initial state 1 and the three end-states 5, 21, and 31

2.4.7. Dependency diagrams of end-states in Sce05

Most of quantities are at their extreme value: Zero, 0 (for Biomass in state 21, Figure 2.14), or
High, + (in end-state 31, Figure 2.15). All extreme quantity values, especially the Water:

Temperature can stop the process.
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Figure 2.14 Sce05: Dependency diagram of end-state 21: Plant growth based on
Migration only: Migration is Zero/Steady.
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Figure 2.15 Sce05: Dependency diagram of end-state 31.
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2.5. Behaviour paths

2.5.1. Global Behaviour paths of Sce01 state-graphs

In Sce01 state-graph all state-paths end with end-state 42, which results due to the particular
condition for the Plant growth process based on Migration only, regardless of the Plant:
Production and Mortality, and when Migration is Zero/Steady. So is the Diatom: Biomass,
meaning the end of the process (the Plant extinction).

2.5.2. Value history graphs of global behaviour paths in Sce01

The Global view of Sce01 state-graph Value history shows the following system behaviour, as
figured in Figure 2.16 (1) and 2.16 (l):

Danube delta: Nutrient available
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Crhtict
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Zero
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Figure 2.16 (I) Sce01: Value history diagrams of Global state-graphs.

1. Agriculture: Nutrient run-off is constantly Low / Constant. It is the condition necessary to
study the system behaviour related to the aquatic Plant growth process, starting with Low
content of Nutrient from the main source. (Agent: Agriculture zones). So is the

2. River: Nutrient inflow, and
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3. Danube delta: Nutrient inflow.

4. Danube delta: Nutrient available is constantly Low, - in the only path of states
[4—5—24—25] generated by the initial state [4]. So is the Diatoms: Production quantity.

5. Danube delta: Nutrient available is constantly Low, + in the other states generated by the
initial states [1, 2, and 3], when Diatoms: Production is Low, +, too.

6. Diatoms: Biomass decreases constantly, from Medium, - (in states 1, 2, 3, 4) to Low, - (in
states 5, 6, 7, 8, 9, 10, 11, 12, 13, 14 ....37) to Zero, 0 (in states 38, 39, 40, 41, 42, 43, 44).
Diatoms: Biomass is positively influenced (I+) by Diatoms: Growth process.

Danube river: Nutriert inflow

High
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ORFOIRORNORNOR OO I OBFOSROBNOSN O OB OBR O BN OBNORNOR O BN OEOBRO SR OSNORR OB O BN O SN OSNORNO RO BN OBNORRO SN OB OMEOREO IR O BE OSSO BN OB OB OB T
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Medit

Zero

High
Medi
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Figure 2.16 (II) Sce01 Global view of the Value history diagram.

7. Danube delta: Nutrient Build up rate and Nutrient net loss values have a great variability,
either increasing, or decreasing in a sinusoidal shape in state-graphs. Both quantities are
the result of complex physical, chemical, and biological processes.

8. Danube delta: Temperature values have a general tendency of increase from Zero, +
—Low, + — Medium, + — High, +.

There is a strong relationship between water Temperature and the aquatic Plant: Production.

The last one increases once with the water Temperature.

9. Plant. Production depends on Water. Nutrient available quantity very much, keeping the
same values as Nutrient available, as there is a Functional Feeding relationship between
them: Water: Nutrient available is the main food resource for any aquatic Plant species.

10. To reduce the simulation complexity, the quantities Danube delta: Pom bacterial
decomposition and Plant: Mortality are assumed Medium/Steady, and Plant. Migration
Zero/Steady.
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2.6. Relevant behaviour paths in state-graphs- Sce01

One of the most relevant behaviour paths can be: [1-11—514—-33—-39-43—-544—-42], as
selected in the state-graph of Sce01 (Figure 2.17).

The 42 state is the only end-state that ends all state paths generated by initial states (1, 2, and
3. As there is already described in the above subsection “End-states in Sce01”, this end-state
defines the Diatoms: Biomass extinction conditions: Low/Constant River Delta: Nutrient inflow,
and the Diatoms: Growth based on Diatoms:. Migration only, while Migration is assumed
Zero/Steady.

Figure 2.17 Sce01 behaviour path [1-11—-13—-33—539—43—44—42].

2.6.1. Equation history

Equation history of the relevant path of state [1—-11—513—-33—-39—-43-44-42] figures
the system component behaviour by those quantity value changes which define the
states that continue, or stop the process, as follows: starting from state 39 to 42,
Biomass gets Zero as result of it's Growth based on Migration only (Migration is
assumed Zero/Steady) regardless of the plant production and mortality value.

6501/ 128(]



Project No. 004074

NATURNET-REDIME

D6.2.2

Biomass (Diatoms) ? Zero
> > > > = o= = =
1 11 13 33 39 43 44 42

Migration (Diatoms) ? Growth (Diatoms)

39 43 44 42

Nutrient av (Danube delta) ? Zero
> > > > > > > >
1 11 13 33 39 43 44 42

Nutrient inflow (Danube delta) ? Nutrient net loss (Danube delta)

> > > > > > > >
1 11 13 33 39 43 44 42

Production (Diatoms) ? Mortality (Diatoms)
< < < < = > > >
1 11 13 33 39 43 44 42

Temperature (Danube delta) ? Zero
b - R R i
1 11 13 33 39 43 44 42

Figure 2.18 Sce01 behaviour path [1—11—-13—33—-39—-43—44—42]: Equation history.

2.6.2. Value history graphs
Same information on the system component behaviour is given by Value history graphs (Figure

2.19).
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Figure 2.19 Sce01 behaviour path [1—511—13—33—-39—43—44—42]: Value history.

The above two figures, 2.18 and 2.19, show the same general behaviour of the system, for
Danube Delta: Nutrient inflow Low/Constant condition, as follows:

6701/128(]



Project No. 004074 NATURNET-REDIME D6.2.2

1.
2.
3

Danube River. Nutrient inflow is constantly Low, 0;

Danube Delta: Nutrient available is constantly Low, +;

Danube Delta: Nutrient net loss increases in the four last states [39—43—44—42], from
Low, + to High, +.

Danube Delta: Temperature increases from Zero, + to High, + and stays at maximum value
within last 5 states.

Diatoms: Biomass decreases from Medium, - to Low, -, in the first four states and becomes
extinct (Zero, 0), in the four last states, as result of a Zero, 0 Diatoms: Growth. There are
two possibilities for Growth to reach the value Zero, 0: either because Diatoms: Mortality
equals Diatoms: Production (State 39, see Figure 2.18: Equation history) or due to the
possible Growth condition based on Diatoms: Migration only (States 43—44—42). As long
as Migration is assumed Zero/Steady, so is the Growth, and the Biomass, implicitly.

2.7. Behaviour paths in Sce05 state-graphs

2.7.1. Relevant behaviour path of states

One of the most relevant behaviour paths can be: [1-11—515-523—-24—-28—-32—-31], as
selected in the state-graph of Sce05 (Figure 2.20).

The 31 state is one of the two end-states that ands all paths of states generated by the initial
states 1, 2, and 3. This end-state is described in the above subsection “End-states in Sce05”.
This behaviour state-path shows the other one possible extreme condition of the system
behaviour when most of quantities are at their extreme value, High, +.

Figure 2.20 Sce05: behaviour path [1—11—515—-23—-24—-28—32—33—-31].

2.7.2. Equation history

Next 2 figures, 2.21, and 2.22, show the system behaviour for the Danube Delta: Nutrient inflow
High/Constant condition, as follows:
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Biomass (Blue green algae) ? Zero
> > > > > > > > >
111 15 23 24 28 32 33 31

Nutrient av (Danube delta) ? Zero
> > > > > > > > >
111 15 23 24 28 32 33 31

Nutrient inflow (Danube delta) ? Nutrient net loss (Danube delta)
> > > > > > > > >
1 11 15 23 24 28 32 33 31

Production (Blue green algae) ? Mortality (Blue green algae)
< < < = > > > > >

111 15 23 24 28 32 33 31

Temperature (Danube delta) ? Zero
S= B>I= I BE DD DE 3= = 2
1 11 15 23 24 28 32 33 31

Figure 2.21 Sce05 behaviour path [1—11—15—-23—-24—-28—32—33—31]: Equation history

Danube River. Nutrient inflow is constantly High, O;
Danube Delta: Nutrient available increases from Low, + to High, + and stays at this
maximum possible value within the 5 last states:
Blue-green algae: Growth increases from Minus, + to High, + and stays at this maximum

value for the last 5 states;

[24—>28—>32—>33—>31];

Blue-green algae: Biomass has a continuously sinusoidal shape value, from Minus, - to

High, +, increasing state by state and stays at this maximum value for the last 3 states:

[3233—31];

maximum value within last 5 states;

Danube Delta: Temperature increases continuously from Zero, + to High, + and stays at
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2.7.3. Value history
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Figure 2.22 Sce05 behaviour path [1—11—515—-23—-24—-28—-32—33—31]: Value history.

Scenarios concerning the aquatic Animal growth process
State graph

2.8. Scenarios
Four Scenarios have been constructed to model the aquatic Animal population growth process,
in the framework of the Functional Feeding Group relationships. These are:

Sce06 Diatoms and Zooplankton growth process

Sce07 Zooplankton and Fish growth process

Sce08 Fish and Bird growth process

Sce09 Macrophytes and Macroinvertebrates growth process.

The four Scenarios are constructed on the same principle, as follows:
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Two entities are considered in any Scenario, each of them with different role within the
Functional Feeding Group relationship: predator and prey species, respectively.

The configuration is “Feeds on”.

To reduce the simulation complexity, two Assumptions are introduced: “Assume migration is
zero and steady” and “Assume medium equality for production and mortality”, and they address
both populations.

The initial situation of any aquatic Animal species (Zooplankton, Fish, Bird or
Macroinvertebrates) growth process, regarding the Quantity values (Magnitude/Derivative) of
the two Entities (Aquatic populations) involved in the process, can be:

For the predator species, the Biomass: Low/None, Mortality: Low/Constant;
For the prey species, the Biomass: Medium/None, the Production: Medium /Steady.

Within any Animal growth process, as there are Functional Feeding Group relationships among
species, each Animal species can be both predator and prey.

The Configuration: “Feeds on” figures the functional feeding relationship between the two
entities involved in the growth process.

From the four Scenarios constructed to model the aquatic Animal species behaviour, the

simulation results are presented for one of them: Sce07 Zooplankton and Fish growth process
(Figure 2.23 Sce07 Zooplankton and Fish growth process Scenario). All

Zooplankion
: Feeds
Qﬁﬁ/,mhmplankton

Fish

Bjomass Mortality! B.-'omass .Pdeucﬁon!

Zimh 5 Zimh 5 Z'm_h 6 ZImh &
BHigh a M m\ecium A BHigh 5
BMedium & SMedum o A Blow 2 Imucdum g
-.Low ] ‘ILOW v o \/ 'LOW  /
®Zero Y 8Zero ore BZer0

@Assume migration is zero and steady

Assume med equality for production and mortality
Figure 2.23 Sce07 Zooplankton and Fish growth process Scenario.

2.9. Begin states

Within aquatic ecosystems, in the framework of any Animal growth process, the main quantities
that trigger this process are: Predator. Production > Zero, based on Prey: Biomass, > Zero.

Q
©

Figure 2.24 Sce07 Initial state graph.

State-graph of Initial states
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A possible initial situation of any aquatic Animal species growth process, according to initial
quantity values assigned in Scenario, can be:

Fish: Biomass: Low/None, Mortality: Low/Constant;

Zooplankton: Biomass: Medium/None, the Production: Medium /Steady.

2.9.1. Value history graphs

From the initial situation, 1 initial state resulted (Figure 2.24). The quantities and quantity value
history of initial state is presented in Figure 2.25.

Fish: Biomass Zooplankton: Biomass
High High
—— Medium —@& Medium
@A) Low Low
—— Zero — Zero
1 1
Fish: Growth Zooplankton: Growth
@ Plus ¥ Plus
—— Zero —— Zero
Min Min
1 1

Fish: Migration Zooplankton: Migration

Plus

Plus
@ Zero —®— Zero
Min Min
1 1
Fish: Mortalty Zooplankton: Mortality

High High

p Medum —— Medium
(O Low @) Low
T e —— Zero

1 1

Fiah: Prosiicrich Zooplankton: Production

High High
—@&— Medium o Medium
Low
Low
Zero |

1 1

Figure 2.25 Sce07 Initial state value history.

It shows a possible condition for the process to start, from the two entities, quantities and
quantity values (Magnitude/Derivative) point of view.
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2.9.2. Equation history

Initial state equation history (Figure 2.26) shows a possible condition for the two populations to

start the growth process.

Biomass (Fish) ? Zero
>

1

Biomass (Zooplankton) ? Zero
>
1

Production (Zooplankton) ? Mortality (Zooplankton)
>
1

Production (Fish) ? Mortality (Fish)

>
1

Figure 2.26 Sce07: Equation history of Initial state.

2.9.3. Dependency diagram
This diagram (Figure 2.27) provides information on causality relationship between two aquatic
Animal populations, and the growth process start possible quantity values (as seen in Equation

e
®

i

4

migration2
BPlus
87ero *
. IMin

history, too):
e ___ ™ -
Fish | Srowth growth2
EPlus Ao BPius ¥
®Zero BZero
Ivin IMin
\_= production2 - mortality1) \_= production - mortality2:
N
e — \' Zooplankton j
| production2 £ ( R B
BHigh "2 m:""'m productiont
< & High = /
BMedium-a__ L i - Fosds on— fHigh i ®
| [¥ T—= Ml sMedium-«_ [~
on J ) Hlow o n T T e
®Zero i ow
& | ®Zero
T s
P e - g Y R,
| migration1 bllomassl L B L biomass2
High § = BHigh
BPlus = o g
8Zerc ® MMediun o o~ @7 == %Medum 4
. Emin ; Blow 4 . "‘@)(-—' e lLow
—— \_>®Zero n‘\-\_‘. P e - \_>8Zero

Figure 2.27 Sce07: Dependency diagram of Initial state 1.

Fish: Production > Mortality

Fish : Biomass > Zero

Zooplankton: Production > Mortality
Zooplankton: Biomass > Zero.

| mortality2
BHigh
®Medlum
Blow &
\_ M®Zero
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2.9.4. Active Model fragments

Model fragments that are active in initial state 1 are listed in Figure 2.28. They are related to the
two aquatic animal populations, Fish and Zooplankton involved in their growth process.

;ﬁ' Simulate - Model fragments in state 1 '-.;s-. &

Aszsume equal medium production and mortality: Fish
Assume equal medium production and mortality: Zooplankton
Assume migration is zero and steady: Fish

Assurne migration is zero and steady: Zooplankton
Biological entity: Fish

Biological entity: Zooplankton

Fish gromth: Fish, Zooplankton

Grawth: Figh

Growth: Zooplankton

Migration: Fish

Migration: Zooplankton

Maortality: Fish

Wortality: Zooplankton

Population exists: Fish

Fopulation exists: Zooplankton

Prod gr mort: Fish

Prad gr rmort: Zooplanktan

Praduction: Fish

Production: Zooplankton

4| 3 4 L

Figure 2.28 Sce07: Active Model fragments in Initial state 1.

2.10. State-graphs
All states generated by full simulation, starting from initial state, are presented in Figures 2.29.
In this Figures the global state-graph is shown and initial and end-states are selected (red
coloured). By full simulation of SceQ7, the initial state 1 generates a total number of 20 states.
Two of them are end-states: 12 and 20.

Figure 2.29 Sce07 Zooplankton and Fish growth process — State-graph.
[.1 initial states: 1 (red coloured).
[I. Full simulation states: 20 states.
[ll. 2 end states: 12 and 20 (red coloured).
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2.10.1. Value history graphs

Value history graphs show that the two system components involved in the modelled growth
process has a continuity excepting those states when one of them (Fish or Zooplankton) gets
Zero value for Biomass. Among these states (when Biomass is Zero), only one fulfils the end-
state condition. These are

Fish: Blomass

IR SO, High
iy T Ak Meadium
@ W v ol 5 @& Low
J OO ) Zero
1 2 a 4 5 6 7 8 g 10 11 12 13 14 15 16 17 18 19 20
Fish: Growth
NI, AR /R 2 a & Plus
¥ & OO ¥ Zero
[/ BROREORE VRO Min
1 2 3 4 5 6 7 8 8 10 11 12 13 14 16 168 17 18 19 20
Fish: Migration
Plus
B e L e e e e e e e e e e O e e e e O O e D O T
Min
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 168 17 18 19 20
Fish: Morality
High
Medium
R Y B Y ) S L) B B I R O R VR O S O 7
Zero
1 2 3 4 6 8 7 8 98 10 11 12 13 14 15 16 17 18 19 20
Fish: Production
& @ W &}  High
Y & Medium
¥ w W OR Y O Y O Low
) @) Zero
1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Zooplankton: Biomass
OO & High
A ¥ A— W Medium
[/ F # * A A &) @) @ Low
O Zero
1 2 3 4 5 6 7 8 g 10 11 12 13 14 15 16 17 18 18 20
Zooplankten: Growth
¥ ¥ iyl & W ¥ (e (8 s Plus
¥ Ol O; r—¥; Zero
¥ ow ¥ e A Min
1 2 3 4 5 6 7 ] g9 10 11 12 13 14 15 16 17 18 19 20
Zooplankton: Migration
Plus
IO O O O Ol O O O e Ol U s O O s O s O O O e O O Ol 5]
Min
1 2 3 4 E 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20
Zooplankton: Mortality
A & B ® ® High
A V¥ A—d: Medium
® & v v CH Y Low
0 (OS] ® Zero
1 2 3 4 5 a8 7 ] 8 10 11 12 13 14 15 16 17 18 19 20
Zeoplankton: Production
High
O O O O e O OB e OB O S GRS RSO )
Low
Zero

i 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 18 20

Figure 2.30 Sce07 Zooplankton and Fish growth process — Value history.
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2.10.2. Equation history

From equation history, those states in which a Population (Fish or Zooplankton): Biomass is >
or equals (=) Zero (meaning the population extinction) are:

Fish: Biomass > Zero within the path of states (see Figure 2.29 Sce07 Zooplankton and Fish
growth process — State-graph) [1—-2—3—4—5—-6—7—8—-9—-10—11—>12—14—15], including
18 and 19.

Biomass (Fish) ? Zero
>>>2>>>22>2>> > > > = 2 > = = > > =
1234567891011 12 13 14 15 16 17 18 19 20

Biomass (Zooplankton) ? Zero
>>>2>>2>2>2>2= > > = > > 22 > > > > >

1234567891011 12 13 14 15 16 17 18 19 20

Migration (Fish) ? Growth (Fish)

13 16 17 20

Migration (Zooplankton) ? Growth (Zooplankton)

9 12

Production (Zooplankton) ? Mortality (Zooplankton)
>o> =€ € £ € < == > > > > > 0> > o= = >
1234567891011 12 13 14 15 16 17 18 19 20

Production (Fish) ? Mortality (Fish)
>>>>>>2=< < < < < = = > > > > > >

1234567891011 1213 14 15 16 17 18 19 20

Figure 2.31 Sce07 Zooplankton and Fish growth process — Equation history.

Fish: Biomass = Zero within the branch [13—16—17—20] as Growth of Fish is based on
Migration only, and Migration is assumed Zero /Steady.

Zooplankton: Biomass = Zero within the branch [9—12], as Growth of Zooplankton is based on
Migration only.

Only in two of these states, 12 (see Figure 2.23 Dependency diagram of end state 12) and 20
(see Figure 2.34 Dependency diagram of end state 20) are fulfilled those conditions of end-state
that can stop the process. States 12 and 20 end the branches of states in which Growth is
based on Migration only.

2.11. End-states

The end-states 12 and 20 define the two possible conditions when the Prey (Zooplankton):
Biomass and the Predator (Fish): Biomass, respectively, gets Zero (meaning the extinction of
that population). That happens when Population: Growth is Zero, due to the fact that it is based
on Migration only. Migration is assumed Zero/Steady. So will be the Growth and the Animal:
Biomass, in those states when the MF “Growth on Migration only” is active, as happens in state
12 and 20 (see Figure 2.35 Quantities and quantity value of end-states 12 and 20, and Figure
2.36 Active MFs in states where Growth is based on Migration only, “Assume migration is zero
and steady: Zooplankton/Fish”, and “Population none existing: Fish”).
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2111, Dependency diagrams

These diagrams figure those state quantities and quantity values when one of the two
populations growth gets Zero (defining that population extinction condition) as is based on

Migration only (Migration is assumed Zero/

Steady).

Fish Zooplankton
- e
production2 mortality1 production1
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— ® ’
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IPius R A wZero w S {f)
"Zero 7 IMin o @
IMin o @ /
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@) \J/
—_— - # ~ migration2
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s biomass2 BPlus
[ [T blomass] BHigh uZero
®Zero ® BHigh " IMgdium AMin )
\__IMin ¥, SMedium-¥ S =
BLow | =®Zero ® /
\ >8Zer0 ) %3
Figure 2.32 Sce07 Dependency diagram of state 9 (preceding the end-state 12):
Zooplankton growth based on Migration only (Migration is assumed Zero /Steady).
Fish Zooplankton
= - ———————
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.ﬂ’gg- o EHigh BT T T RHigh
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BMin e e J T
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Figure 2.33 Sce07 Dependency diagram of end-state 12
(Zooplankton: Biomass = Zero, 0. Zooplankton growth based on Migration only (Migration is

ass

umed Zero /Steady).
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Figure 2.34 Sce07 Dependency diagram of end-state 20.
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Quantities and quantity values of the two end-states: 12 and 20 from Sce07 state-graph are
presented in Figure 2.35. In state 12, extreme quantity values that can stop the process are
Zooplankton: Growth=Biomass=Zero. In state 20, extreme quantity values that can stop the
process are Fish: Growth= Biomass=Zero.

-

i@ Quantity values in state 12 - Simulate E]@ i

7%

Biomass (Fish):
Biomass (Zooplankton):
Growth (Fish):

Growth (Zooplankton):
higration (Fish):
Wigration (Zooplankton):
Wartality (Fish):

Wortality (Zooplankton):
Froduction (Fish):
Froduction (Zooplankton):

Loy, -
Zero, 0
hdin, O
Zero, 0
fero, 0
Lero, O
Liowe, O
Lo, -
Zero, 0
hedium, 0

Biomass (Fish):
Biomass (Zooplankton):
Growth (Fish):

Growth (Zooplankton):
Migration (Fish):
Wigration (Zooplankton):
Wartality (Fish):

Martality (Zooplankton):
Production (Fish):
Production (Zooplankton):

Lero, O
High, +
Zero, O
Plus, 0
fero, 0
Lero, O
Lovwe, O
Zero, O
High, +
Medium, 0

Py

Figure 2.35 Sce07: End states 12 and 20 Quantities and Quantity values.

7801/12817




Project No. 004074

NATURNET-REDIME

D6.2.2

2.11.3. Active Model fragments

The active Model fragments in states 13, 16, 17, and 20are shown in Figure 2.36. Among these
states, only in state 20 are fulfilled those conditions to stop the process.

&

Aszsume equal medium production and martality: Fish
Aszsume equal medium production and martality: Zooplankton
Aszsume migration is zero and steady: Fish

Assume migration is zero and steady: Zooplankton
Biological entity: Fish

Biological entity: Zooplankton

Fish growth: Fish, Zooplankton

Growth by migration only: Fish

Growth: Zooplankton

Migration: Fish

Migration: Zooplankton

Muortality: Fish

Martality: Zooplankton

Population exists: Zooplankton

Population none existing: Fish

Prod gr maort: Zooplankton

Aszsume equal medium production and martality: Fish
Assume equal medium production and martality: Zooplankton
Assume migration is zero and steady: Fish

Aszsume migration is zero and steady: Zooplankton
Biological entity: Fish

Biological entity: Zooplankton

Fish grawth: Fish, Zooplankton

Growth by migration-only: Fish

Growth: Zooplankton

Migration: Fish

Migration: Zooplankton

Mortality: Fish

Montality: Zooplankton

Population exists: Zooplankton

Population none existing: Fish

Prad gr mart: Zooplankton

5 &3 4

8| 2 8|

fﬁ Simulate - Model fragments in state 17

Aszsume equal medium production and martality: Fish
Agsume egual medium production and martality: Zooplankton
Asgsume migration is zero and steady: Fish

Assume migration is zero and steady: Zooplankton
Biological entity: Fish

Biological entity: Zooplankton

Fish growth: Fish, Zooplankton

Growth by migration only; Fish

Growth: Zooplankton

Migration: Fish

Migration: Zooplanktan

hortality: Fish

hortality: Zooplankton

Population exists: Zooplankton

Population none existing: Fish

Prod gr rmort: Zooplankton

Production: Figh

Production: Zooplankton

Aszsume equal medium production and mortality: Fish
Assume equal medium production and mortality: Zooplankton
Assume migration is zero and steady: Fish

Assume migration is zero and steady: Zooplanktan
Biological entity: Fish

Biolagical entity: Zooplanktan

Fish growth: Fish, Zooplankton

Growth by migration only; Fish

Growth: Zooplankton

igration: Fish

Migration: Zooplankton

Martality: Fish

Mortality: Zooplankton

Paopulation exists: Zooplankton

Papulation none existing: Fish

Prod gr mort: Zooplanktan

Production: Fish

Production: Zooplankton

4| 2 4| [

4| 2 4

Figure 2.36 Sce07: Active Model fragments in states 13, 16, 17, and end-state 20.

2.12. Behaviour paths

In Sce07 state-graph all state-paths end with end-states 12 and 20, which results due to the
particular condition for the Animal growth process based on Migration only, regardless of the
Population: Production and Mortality, and when Migration is Zero/Steady. So is the Population:
Biomass, meaning the end of the process (the Population extinction).

212A1. Relevant behaviour path

One of the most relevant behaviour paths is: [1-2—3—4—5—-6—7—8—10—11—-14—15], as
selected in the state-graph of Sce07 (Figure 2.37).
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Figure 2.37 Sce07 behaviour path [1—-2—3—4—5—-6—-7—8—-10—>11—-514—15],

212.2. Equation history

Equation history shows there is a continuous process because both aquatic population
Biomass is > Zero from state 1 to state 15.

Biomass (Fish) ? Zero
> > 2> > > > > > > > > >

1234567 810 11 14 15

Biomass (Zooplankton) ? Zero

>>>>>>>> > > > >
1234567 810 11 14 15

Production (Zooplankton) ? Mortality (Zooplankton)
>>=< << << = > > >

1234567 81011 14 15

Production (Fish) ? Mortality (Fish)
>>>>>>2=< < < = >
123456781011 14 15

Figure 2.38 Sce07 behaviour path [1—-2—3—4—»5—-6—-7—8—-10—>11—-514—15]:
Equation history

2123. Value history graphs

The two figures 2.38 and 2.39, show the behaviour of the two aquatic Animal populations, Fish
and Zooplankton, functionally related as Predator and Prey species, respectively, in the
framework of the Functional Feeding Group relationship, as follows:

Danube Delta: Nutrient inflow Low/Constant condition, as follows:
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(ORI High
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¥y ¥ ¥ e & A @ Low o)) () —a)—(s} o) —(o} (s} —(3)—@) (o)~ Medum
Zero Low
1.2 3 4 5 6 7 8 10 11 14 16 Zero

1 2 3 4 5 6 7 8 10 11 14 15

Figure 2.39 Sce07 behaviour path [1—-»2—3—4—5—-6—-7—8—-10—>11—-514—15]:
Value history

Both Population: Biomass is positive, increasing and decreasing in a continuously sinusoidal
change of values, which shows that there is a continuous Growth process.

In order to reduce the simulation complexity, Migration is assumed Zero/Steady for both
Populations (meaning both of them are close populations), and Fish: Mortality and Zooplankton:
Production are Low/None, and Medium/None respectively.

The only situation when one of the populations gets extinct, it's determined by the possible
condition when the Growth of that population is based on Migration only, and Migration is
assumed Zero/Steady. There are two such situations, for each of the two populations for which
the two particular behaviours derive from the process close circle defined by the path of states
[1-2—-3—-54—-5—-6—-7—-8->10—-11-14—15], by two separate paths of states. One of them
branches from state 8, [8—9—12], and the other one from state 11, [11—-13—16—17—20],
defining the extinction of Zooplankton (the prey species), and of Fish (Predator species),
respectively (See Figure 2.37 Sce07 behaviour path
[1-2—-3—-54—-5—-6—->7—-8->10-11->14—15]).
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Scenarios concerning both Plant and Animal growth process
State graph

2.13. Scenarios
Three Scenarios have been constructed to model both aquatic Plant and Animal population
growth process, in the framework of the Functional Feeding Group relationships. These are:

Sce10 FFG nutrients diatoms and zooplankton
Sce11 FFG Diatoms Zooplankton and Fish
Sce12 FFG Zooplankton Fish and Birds

These Scenarios are constructed on the same principle, as follows:

1. Three entities are considered in any Scenario, each of them with different role within the
Functional Feeding Group relationship: two of them can be predator and prey species,
respectively, but the third one is both predator and prey species, in the same time;

2. The configuration is “Feeds on”;

3. To reduce the simulation complexity, two Assumptions are introduced in Scenario
construction: “Assume migration is zero and steady” and “Assume medium equality for
production and mortality”, and they address the three populations involved in process.

The initial situation of any aquatic Plant (Diatoms algae species) and Animal species
(Zooplankton, Fish, Bird or Macroinvertebrates) growth process, regarding the Quantity
values (Magnitude/Derivative) of the three Entities (Aquatic populations), can be:

For the Predator species, the Biomass: Low/None, Mortality: Medium/Constant;
For the Prey species, the Biomass: Medium/None, the Production: Medium /Steady;
For the Predator/Prey: Biomass: Medium/None.

Rivergeg.g,_./»~L_7,-r\,._ﬁ,_ﬁ Diatoms” Fe
anube detta V5" 0TS Feeds on ey Zooplankton
iatoms
Zooplankton
Nutrient inflow ! Nuiriant av ! Nutrient consumption Biomass @ " Mo.rramy !
Zimh Zimh 5
: & Zich & Zimh FS ZImh Zlmh

BHigh BHigh ‘:ngh. & RHigh § :‘igh <] BHigh i
2 wpicdium ; ®Critical lovel | A Medium A W wedium A D wiodi A 2 =Mocium I 8
a8 BLow 7] ) Medium & v

BLow v »low v s v BLow v fLow BLow

®Zero BZ7ero Zorg ®Zaro |Zero ¥ nZaro

i @Nufn’enr net loss ! Temperature |

Zimh

Zimh Zimh

; 6
BHigh
2 oo & g 0 @High  ©
BLow [} 2 mpMadium % apedium A
870 Y BLow Y BLow 2
8Zaro Wezeo

@Assume migration is zero and steady

@Assume med equality for production and mortailty

Figure 2.40.1 Sce11 FFG Diatoms Zooplankton and Fish growth process Scenario.
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s Zooplankton  Feedson Diatoms
Fish Faeds on Zooplankton Diatoms
Fish
i Production !
Biomass Mortaliiy! .B;'omass B’ omass et
ZImh
Zimh : 5 Zimh 5 Zlmh
High . : Zimh
WHigh 3 ‘!M“jdium A BHigh A HHigh ? IE h
®Medium 4 BLow 2 2B wNedum g 2 mpediom 4 .Mgd_
»fow g 8Zcro BLow v BLow 7] » lLe um
®Zero y 8Zero 8Zecro A\ S
8Zero

@Assume migration is zero and steady

@Assume med equality for production and mortality
Figure 2.40.2 Sce11 FFG Diatoms Zooplankton and Fish growth process Scenario.

T e x,..® fs:%‘ Zooplankton
57'_?3 s
v ! Zooplankton

aak o

@ Biomass Mortality ! & siomass .
@ Biomass @) Production |
Zimh
BHigh & - 6 Zimh 6 Zimh
SMedum IH'gh_ £ BHigh BHih 5 Zimh 5
0w 2 2 w)edium »0o 2 ®\edium 3 W ®edium .ngh. i
®7ero v BLow v BLow Y BLow 3 2 ®\jcdium a
®Zero 8 Zero ®Zero v !Iiow v
ero

@Assume migration is zero and steady

Assume med equality for production and moriality

Figure 2.40.3 Sce11 FFG Diatoms Zooplankton and Fish growth process Scenario.

From the three Scenarios constructed to model the aquatic Plant and Animal population
behaviour in the framework of their growth process, the simulation results are presented for one
of them: Sce11 FFG Diatoms Zooplankton and Fish growth process (Figure 2.40.2 Sce11 FFG
Diatoms Zooplankton and Fish growth process Scenario).

2.14. Begin states

2.141. Begin states definition

Within aquatic ecosystems, in the framework of any group of aquatic Plant and Animal species
growth process, the main quantities that trigger this process are: Predator: Production > Zero,
based on Prey: Biomass, > Zero.

A possible initial situation of this process, according to initial quantity values assigned in
Scenario, (Figure 2.40) can be:
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Diatoms (Prey species): Biomass, Medium/None, Production, Medium/Steady;
Zooplankton (Predator/prey species): Biomass: Medium/None, the Production: Medium /Steady.
Fish (Predator species): Biomass: Low/None, Mortality. Medium/Constant;

2.14.2. State-graph

From the initial situation, 1 initial state resulted (Figure 2.41).

®

Figure 2.41 Sce11 initial state-graph

2.14.3. Value history graph

The quantities and quantity value history of initial state is presented in Figure 2.42.

Diatoms: Biomass

High

—~®— Medlum Fish: Mortality
Low
— Zero High
1 —®- Medum
Diatoms: Growth ko
—— Zero
Plus 1
—¥- Zzero
Min Figh: Production
1 High
! . —@&— Medum
Diatoms: Migration i
Plus —— Zero
—®- Zero 1

Min
Zooplankton: Biomass
1
High

Diatoms: Mortaiity & Medum
High Low
&~ Medum e
Low 1

—— Zero

1 Zooplankton: Growth

Dlatoms: Production & Pus
— Zero
High Min
~®~ Medium
Low 1
— Zemo

1 Zooplankton: Migration

Fish: Blomass Plus
High ®- Zero
—— Medium Mn
®  Low 1
— Zero

1
Zooplankton: Mortality

Flsh: Growth
High
Plus — Medium
—&- Zero & Low
Min Zero
1 1
Fish: Migration Zooplankion: Production
Plus High
&= zero ~@- Medium
Min Low

— Zero

1 1

Figure 2.42 Sce11 FFG Initial state value history

84(1/1281]



Project No. 004074 NATURNET-REDIME D6.2.2

It shows a possible condition for the process to start, from the three entities, quantities and
quantity values (Magnitude/Derivative) point of view.

214 4. Equation history
Equation history of Initial state is presented in Figure 2.43.

Biomass (Diatoms) ? Zero
>
1

Biomass (Fish) ? Zero

>

i

Biomass (Zooplankton) ? Zero
>

9

Production (Diatoms) ? Mortality (Diatoms)

1

Production (Fish) ? Mortality (Fish)

1

Production (Zooplankton) ? Mortality (Zooplankton)
>

i

Figure 2.43 Sce11: Equation history of Initial state.

Initial state equation history (Figure 2. 43) shows a possible condition for the three populations
to start their growth process: Diatoms, Zooplankton, and Fish: Biomass>Zero, and Zooplankton:
Production > Mortality.

2.14.5. Dependency diagram

Dependency diagram of Initial state 1 is presented in Figure 2.44. This diagram provides
information on structural and causality relationship (direct Influence |, and indirect influence,
Proportionality) among three aquatic Plant and Animal populations and the growth process start
possible quantity values, written in red colour (as seen in Equation history, too):
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Figure 2.44 Sce11: Dependency diagram of Initial state 1.
1. Diatoms: Production =Mortality=Medium; Growth Zero, -; Biomass Medium, 0.
2. Zooplankton: Production > Mortality; Growth Plus, 0; Biomass Medium, +.
3. Fish: Production =Mortality=Medium; Growth Zero, +; Biomass Low, 0.
4. Note: Migration doesn’t participate in process, for any population.

2.14.6.

Active Model fragments

Active Model fragments in Initial state are as presented in Figure 2.45. Among active Model
fragments, those related to the three aquatic populations (Diatoms, Zooplankton, and Fish)

growth process are listed.
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ﬁ'Simulate - Model fragments in state 1

Asgsume equal medium production and martality: Diatoms &
Assurmne equal medium production and mortality: Fish
Assume equal medium production and mortality: Zooplankton
Assume migration is zero and steady: Diatoms
Assurne migration is zero and steady: Fish

Assume migration is zero and steady: Zooplankton
Biological entity: Diatoms

Biological entity: Fish

Biological entity: Zooplankton

Fish growth: Fish, Zooplankton

Growth: Diatams

Growth: Fish

Growth: Zooplankton

Migration: Diatoms

Migration: Fish

Migration: Zooplankton

Mortality: Diatoms

hartality: Fish

Wortality: Zooplankton

Fopulation exists: Diatoms

Population exists: Fish

Faopulation exists: Zooplankton

Prod eq mort: Diatoms

Prod eg mort: Fish

Prod gr mort: Zooplankton

Production: Diatoms

Production: Figh

] [

Figure 2.45 Sce11: Active Model fragments in Initial state 1.

2.15. Global State-graphs
All states generated by full simulation, starting from the only initial state 1, are presented in
Figure 2.46. In this Figure the most relevant path of states is selected.
By full simulation of the initial state, a total number of 56 states are generated. Three of them
are end-states: 14, 34, and 35.
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Figure 2.46 Sce11 FFG Diatoms Zooplankton and Fish growth process State-graph.
1.1 initial states: 1 (red coloured).
Il. Full simulation states: 56 states.
lll. 3 end states: 14, 34, and 35.

2.151. Value history

The global value history graphs are presented in Figure 2.47 (Annex 1 to this document).

It shows that the three population quantities have a continuous increase — decrease state by the
values they take in a sinusoidal shape, defining a continuity of their growth process. The
situations when the process stops occur when one of the populations Biomass becomes Zero.
The states when it occurs define that condition when the population Growth is based on
Migration only (Migration is assumed Zero/Steady). In these states the MF “Growth on Migration
only” is active, leading to this situation. Otherwise, the process is endless.

2.15.2. Equation history

The global value history is presented in Figure 2.48 (Annex 1 to this document). It shows the
same general behaviour of the three aquatic populations as the value history, as follows:
1. The three population Biomass > Zero, with some situation when it gets Zero
2. The situations when one of the population Biomass gets Zero happen due the Growth is
Zero, as result of one of two possible conditions:
2.1.  The population Mortality equals its Production;
2.2.  Growth is based on Migration only, and Migration is assumed Zero/Steady.
3. To reduce the simulation complexity, some quantities are assigned in Scenario or
assumed to be Steady, such as:
3.1.  Diatoms/Zooplankton/Fish: Migration Zero/Steady;
3.2. Diatoms: Production Medium/Steady;
3.3.  Fish: Mortality Medium/Steady.
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2.16. Relevant path of states
One of the most relevant paths of states is:
[1—»2—53—54—-5—-59-512—517—-22—-28—-33—38—43—-2], as selected (red coloured path of
states) in the global state-graph (Figure 2.46 Sce11 FFG Diatoms Zooplankton and Fish growth
process State-graph).

2.16.1. Value history graphs

The Value history diagram for one of the most relevant paths of states
[1—-2—3—54—55—59-512-517—-22—28—-33—-38—-43—2] is presented in Figure 2.49.

Its a close path of states. It defines a continuous growth process of the three aquatic
populations. This population behaviour shows that it is an endless process.
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Figure 2.49 Sce11 FFG Diatoms Zooplankton and Fish growth process — Value history.

The end of the process takes place each time when one of the three populations is Zero
(extinct). The only situations when one of the populations Biomass gets Zero happens when its
Growth is assumed based on Migration only, and the Migration is assumed Zero/Steady. This
does not happen for any of the modelled aquatic populations within the above presented path of
states: [1-2—53—-4—-5—-9—-12-517—-22—-28—-33—38—43-2].
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217. End-states
The end-states are: 14, 34, and 35 and define the conditions when the Growth process stops,
due to one of the three aquatic populations Biomass gets the value Zero, 0, meaning the
population extinction condition.

2171. Dependency diagrams

The Dependency diagrams (Figures 2.50, 2.51, and 2.52) of the end-states show that the
population (Diatoms, Zooplankton, and Fish, respectively) Growth is Zero/Steady, so is the
Biomass, regardless of the population Production and Mortality values, which can lead to a
positive growth, but for these states, one of the active MF is “Growth based on Migration only”,
(as seen in Figure 2.53 Sce11Active MFs in end-states 14, 34, and 35.
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Figure 2.50 Sce11 FFG Diatoms Zooplankton and Fish growth process Dependency diagram of
end-state 12: Diatoms growth is based on Migration only (Migration is Zero /Steady).
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Figure 2.51 Sce11 FFG Diatoms Zooplankton and Fish growth process Dependency diagram of
end-state 34: Zooplankton growth is based on Migration only (Migration is Zero /Steady).
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Figure 2.52 Sce11 FFG Diatoms Zooplankton and Fish growth process Dependency diagram of
end-state 35: Fish growth is based on Migration only (Migration is Zero /Steady).
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2.17.2. Active Model fragments

The active MFs in end-states are the same with those in initial states, excepting the one MF
“Growth by migration only” (where Migration is assumed Zero/Steady) as shown in Figure 2.53.

] i { w } \ @ Simulate - Model fragments in state 35 g@
Assume egual medium production and motality | | Assume equal medium production and mortality: ||| | Assume equal medium production and mortality: Diatams
Assume equal medium praduction and mortality; | | Assume equal mediom production and manality: ||| | Assume equal medium production and martality: Fish
Assume equal medium praduction and mortality; | | Assume equal mediom production and manality: ||| | Assume equal medium production and martality: Zooplankton
Assume migration is zero and steady; Distoms Assume migration is zero and steady: Diatoms Assume migration is zero and steady: Diatoms
Assume migration is zero and steady: Fish Assume migration is zero and steady: Fish Agsume migration is zero and steady: Fish
Assume migration is zero and steady. Zooplank | | Assume migration is zero and steady: Zooplanktd)| | Assume migration is zero and steady: Zooplanktan
Biolagical entity: Diatoms Biological entity: Diatams Biological entity: Diatams
Biological entity: Fish Biological entity: Fish Binlogical entity: Fish
Biological entity: Zooplankton Biological entity: Zooplankton Biological entity: Zooplankton
Fish growth: Fish, Zooplankton Fish grawth: Fish, Zooplankton Fish grawth: Fish, Zooplankton
Growth by migration only: Diatoms Grawth by migration only: Zaoplankton Grawth by migration anly: Fish
Growth: Fish Grawth: Diatoms Grawth: Diatoms
Growth: Zooplankton Growth: Fish Growth: Zooplankton
Migration: Diatoms Migration: Diatams Migration: Diatoms
Migration: Fish Mligration: Fish Wigration: Fish
Migration: Zoaplanktan Migration: Zooplankton Migration: Zooplankton
Martality: Diatoms Martality: Diatoms Wartality: Diatoms
Martality: Fish Wortality: Fish Wortality: Fish
Martality: Zooplanktan Mortality: Zooplankton Iorality: Zooplankton
Population exists: Fish Population exists: Diatoms Population exists: Diatoms
Population exists: Zoaplankton Paopulation exists: Fish Papulation exists: Zooplankton
Population none existing: Diatoms Papulation none existing: Zooplankton Papulation none existing: Fish
Prod sm mort. Fish Prod gr mort: Diatoms Prod gr mort: Zooplankton
Prod sm mort: Zooplankton Prod sm mort: Fish Prod sm mort: Diatoms
Production: Diatoms Production: Diatoms Production: Diatoms
Production: Fish Production: Fish Production: Fish
Production: Zoaoplankton Production: Zoaplanktan Production: Zooplankton
Zooplankton growth: Zooplankton, Diatoms Zooplankton growth: Zooplankton, Diatoms Zooplankton growth: Zaoplankton, Diatoms

= | = = i
al & A4 4 o 4 a4 2 4 -

Figure 2.53 Sce11 FFG Diatoms Zooplankton and Fish growth process.
Active MFs in end-states 14, 34, and 35

2.18. Relevant behaviour paths of states

2.18.1.Value history graphs

A typical behaviour for a population to gets the value Zero for its Biomass quantity is shown in
Figure 2.54 Sce11 FFG Diatoms Zooplankton and Fish growth process — path of states
[1->2—3—4—5—6—15—14] which ends with the end-state 14.
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Figure 2.54 Sce11 FFG Diatoms Zooplankton and Fish growth process — path of states
[1-2—-3—4—5—6—15—14] value history.

This graph shows that among the three populations, the only becoming Zero is the Diatoms
population, because its Growth is Zero, 0 for the last three states: 6, 15, and 14, because in all
these states the Growth is based on Migration only, regardless of the Diatoms: Production and
Mortality values. The process stops only in the end-state 14.

One can conclude that if the condition “Growth on migration only”, when Migration is assumed
Zero/Steady, wouldn’t exist, the process never stops.

Scenarios concerning the Water pollution process
State graph

2.19. Scenarios
Three Scenarios have been constructed to model the Danube Delta Biosphere Reserve water
pollution process, its negative effects and the ways it propagates to aquatic biotic component
(Aquatic biological entities: Flora and Fauna populations) living in the aquatic ecosystems of the
modelled system. These are:
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Sce13 DD (Danube Delta) Water pollution process

Sce14 DD Water pollution and DD aquatic population biodiversity
Sce15 DD Water pollution and Black Sea biodiversity

These Scenarios are constructed keeping the same principles:

4. The modelled system's external influences (Agents) participating in this process are:

4.1 Agriculture: Nutrient run-off which participates in the water pollution process only if
in high content. For values equal or smaller than Medium it participates in Plant
growth process, as main food resource for any Plant species;

4.2 Industry: Heavy metals, which have the property of bioaccumulation in any aquatic
biological entity, leading to that entity pollution, even Mortality if in Medium/High
concentration in water.

5. The third water pollution component is given, mainly by Cyanotoxins. They are produced
in water if there is a content of some poisoning species of Blue-green algae
(Cyanobacteria), which contain Cyanotoxins in their cells.

6. To reduce the simulation complexity, Assumptions are introduced in Scenario
construction:

6.1 “Assume nutrient consumption is zero and steady” (in Sce13);

6.2 “Assume nutrient consumption is zero and steady’, “Assume Migration is zero and
steady”; and “Assume Production is medium and steady” (in Sce14);

6.3 “Assume nutrient consumption is zero and steady”, “Assume Migration is zero and
steady” (in Sce15).

Aiver
" In catchment area of iQDar‘iUberver

Agrictifi‘l:re Flows into ™.
~Agriculture /
In catchment area of @Fu’ver delta
Danube delta
Industry
Industry Nutrient av ! Nutrfenr net loss Cyanotoxins |
.Nuz‘rfenr run off !
Zich & 5
Brioh i Zimh 5 Zich
s BHigh BHich
Zimh 5 Heavy met run off | » ;f”“ca' level 3 I oiedum A W nCritioal level 3
2 BHigh . Zow BLow BLow Y
SMadium A ere BZero 8Zero
flow X g Zimh 5
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W Onedium A Heavy metav ! Heevy met net loss | Pom bact decomp |
a .
BLow v Heavy met biocacc !
8Zem Zich i3 Zimh 6
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BLow o fLow 2 Inghl A D wNedum o
®Zero \ ®Zero Y 2B siedum g HLow Y
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@Assume nutrient comsumption zero and steady

Figure 2.55 Sce13 DD Water pollution process Scenario.
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Figure 2.56 Sce14 DD Water pollution and DD aquatic population biodiversity Scenario.
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Figure 2.57 Sce15 DD Water pollution and Black Sea biodiversity Scenario.

From the three Scenarios constructed to model the Water pollution process, the simulation
results are presented for one of them: Sce14 DD Water pollution and DD aquatic population

biodiversity Scenario (Figure 2.56).
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2.20. Begin states

2.20.1. Begin state definition

Begin states of the process define the system possible initial condition that triggers the process,
meaning changes in the system quantity values as result of the active process. Begin states
result from the initial quantity values as they are assigned in Scenario (Figure 2.57 Sce15 DD
Water pollution and Black Sea biodiversity Scenario), as follows:

Agriculture: Nutrient run-off High/Constant/None;

Industry: Heavy metals run-off Medium/Increase;

River Delta: Nutrient available Critical value/Increase;

River Delta: Nutrient net loss Medium/None;

River Delta: Heavy metals available Critical value/Increase;

River Delta: Heavy metals net loss Medium/ Increase;

River Delta: Heavy metals bioaccumulation Medium/ None;

River Delta: Cyanotoxins Critical value/Increase;

River Delta: Pom (Particulate Organic matter) bacterial decomposition Medium/
Increase;

10. Aquatic population: Biomass Medium/ None;

11. Aquatic population: Biodiversity Medium/ None;

12. Aquatic population: Mortality Medium/ None;

CoOoNoOO~WN =

2.20.2. State-graph

From the initial situation, 3 initial states result as shown in Figure 2.58.

©
©-@
©

Figure 2.58 Sce14 initial state graph.

2.20.3. Equation history

The three initial state equation history (Figure 2.59) shows that a possible start of the process
can occur when:

1. Danube Delta: Heavy metals inflow > Heavy metals net loss;

2. Danube Delta: Nutrient inflow > Nutrient net loss;

3. Aaquatic biological entity: Biomass is > Zero;

4. Aquatic biological entity: Mortality equals Production.
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Biomass (Aquatic biological entity) ? Zero
> > >
123

Heavy met inflow (Danube delta) ? Heavy met net loss (Danube delta)
> > >

123

Nutrient inflow (Danube delta) ? Nutrient net loss (Danube delta)
> > >
123

Production (Aquatic biological entity) ? Mortality (Aquatic biological entity)

123

Figure 2.59 Sce14: Equation history of Initial state.

2.204. Value history graphs

The quantities and quantity value history of initial states is presented in Figure 2.60.

A common behaviour of the system’s components, both those involved in water pollution
process and biological component (any Aquatic biological entity), from their quantity values
point of view is that all keep the same value (the same Magnitude and Derivative) within all
initial states, as they are assigned in Scenario, excepting two of them, and these are:

1. Danube Delta: Nutrient net loss has three different initial values induced by the three
derivatives: Decrease, Stable, and Increase, meaning Medium, - ; Medium, 0; and Medium,
+. This happens because this is the only state variable which quantity results as Nutrient
lost in the system, after a part from Danube Delta: Nutrient inflow is consumed as Danube
Delta: Nutrient consumption and another part is added as result of Danube Delta: POM
bacterial decomposition process. All of them have the same value in the three initial states.
Also, the Nutrient net loss value in Scenario is Medium/None. This way, there is assigned a
precise information about Magnitude (Medium), but no one about Derivative (None) and the
machine engine constructed all possible conditions from the Derivative point of view,
meaning: Medium, -; Medium, 0; and Medium,+.

2. Danube Delta: Nutrient build-up rate has three different initial values as this quantity
depends closely on the Nutrient net loss. These values are Plus, +; Plus, 0; and Plus, -.
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Figure 2.60 Sce14 Initial state’s value history.
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2.20.5. Quantities and quantity values

Figure 2.61 provides information on the system’s components (Entities) involved in water
pollution process and their quantities and quantity values as provided by the Value history
diagrams (Figure 2.60), and described

b 1 Quantity values in state 1 - Simulate g@@ ] y [mf
Biodiversity (Aquatic biological entity):  Medium, - ngical entity):  Medium, - gical entity): Medium, -
Biomass (Aquatic biological entity): Wediurn, 0 cal entity): Wedium, 0 zal entity): hediurn, 0
Cyanatoxing (Danube delta): Critical level, + ta): Critical level, + ta): Critical level, +
Growth (Aquatic biological entity): fern, - Bl entity): Lero, - il erntity): fero, -

Heavy met av (Danube delta): Critical level, + elta): Critical level, + Ita): Critical level, +
Heavy met bioacc (Danube delta): Wediurm, 0 e delta): Wedium, 0 e delta): Medium, 0
Heavy met build up rate (Danube delta): Plus, + Danube delta): Flus, + Janube delta): Plus, +
Heavy met inflow (Danube delta): hWediurm, + e delta): Wedium, + : delta): Mediurn, +
Heavy met inflow (Danube river): Wledium, + B river): Wedium, + : fiver): Medium, +
Heavy met net loss (Danube delta): hWediurm, + ube delta): Wedium, + Ibe delta): Mediurn, +
Heavy met outflow (Danube delta): Wledium, + be delta): Wedium, + 1e delta): Medium, +
Heawy met run off (Industry): Wediurm, + Iyl Wedium, + I Mediurm, +
Migration (Aquatic biological entity): fero, 0 ical entity): Zero, 0 cal entity): Zero, 0
hortality (Aguatic biological entity): hlediurm, + cal entity): hedium, + zal entity): hediurm, +
Mutrient av (Danube delta): Critical lewel, + 1 Critical level, + I: Critical level, +
Mutrient build up rate (Danube delta); Plus, + nube delta): Plus, 0 qube delta): Flus, -
Mutrient consumption (Danube delta): fero, 0 anube delta): Zera, 0 nube delta): Zero, 0
Mutrient inflow (Danube delta); High, 0 elta): High, 0 alta): High, 0
Mutrient inflow (Danube river): High, O war): High, 0 e High, 0
Mutrient net loss (Danube delta); hlediurm, - e delta); hedium, 0 delta): hediurm, +
Mutrient outflow (Danube delta): Wedium, + delta): Wedium, + delta): Medium, +
Mutrient run off (Agriculture): High, 0 rel: High, 0 el High, 0
Fam bact decomp (Danube delta): Wedium, + be delta): Wedium, + ae delta): Medium, +
Production (Aoquatic biological entity): hlediurm, 0 gical entity): hedium, 0 gical entity): hediurm, 0
Water pollution (Danube delta): Plus, + delta): Plus, + ielta): Plus, +

P $ .. \ s
m| 9 i ¢ i ¢
I

Figure 2.61 Sce14 The three initial states Entities, Quantities, and quantity values

within the above subsection. The Danube Delta: Water pollution has the value Plus, +,
indicating that the process is active.

2.20.6. Dependency diagram

The diagram presented in Figure 2.62 provides information on structural and causality
(Influence |, or Proportionality P), correspondence (Q, dQ) and in/equality (=, >, <) dependency
relationships among the system’s water pollutants (Nutrients, Heavy metals and Cyanotoxins),
any Aquatic biological entity, involved in Water pollution process and its effect on Aquatic
populations, as follows:

5. Danube River: Nutrient inflow and Heavy Metals inflow main resources are the two
system’s external influences (Agents): Agriculture: Nutrient run-off and Industry: Heavy
metals run -off, respectively, localised “In catchment area of’ the River. There is a close
relationship (P+, Q) between Nutrient run-off from Agriculture lands and Nutrient that
enters the Danube River. The same relationship occurs between Heavy metals run-off
from Industrial zones and Heavy metals that enter the Danube River. From the River,
these two main water pollutants reach the Danube Delta aquatic ecosystems.

6. A part of Danube Delta: Nutrient inflow stays in the system and contributes to Nutrient
available for Plant species growth while another part is lost (Nutrient net loss), either
through Nutrient outflow or Nutrient consumption (by aquatic Plant species only).

7. So happens with Danube Delta: Heavy metals inflow. The only difference is that a part of
the Heavy metals inflow is lost (Heavy metals net loss) as they are bioaccumulated
within any Aquatic biological entity body both of Plant and Animal species.
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8. A partof Nutrient net loss and Heavy metals net loss is recycled from dead organic
matter as result of Particulate Organic matter bacterial decomposition (Pom bact
decomp) process.

9. Danube delta: Water pollution rate is the result of three main water pollutants: Danube
delta: Nutrient available, Heavy metals available and Cyanotoxins;
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Figure 2.62 Sce14: Dependency (causal model) diagram of Initial state 1.

10. Danube delta: Water pollution rate has a direct positive influence (I+) on any Aquatic
biological entity: Mortality. That signifies that a positive rate of Water pollution process
induces an increase of Mortality for any Aquatic population.

11. Aquatic biological entity: Mortality has an indirect negative influence (P-) on any Aquatic
biological entity: Biomass.

2.20.7. Active Model fragments
The MFs active in initial states are presented in Figure 2.63.
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Figure 2.63 Sce14: Active Model fragments in Initial states 1, 2, and 3.

The above Figure (2.63) provides information on Model fragments used in the simulation
process. As the figure shows, the same MFs are used in all initial states (1, 2, and 3).

2.21. Global State-graphs
All states generated by full simulation, starting from the three initial states 1, 2, and 3 are
presented in Figure 2. 64. By full simulation of the initial states, a total number of 20 states are
generated. Five of them are end-states: 12, 14, 15, 17, and 20.

Figure 2.64 Sce14 DD Water pollution and DD aquatic population biodiversity global State-
graph
I. 3 initial states: 1, 2, and 3 (LHS, red coloured).
[I. Full simulation states: 20 states.
lll. 5 end states: 12, 14, 15, 17, and 20 (RHS, red coloured).
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2.211. Equation history

The global value history is presented in Figure 2.65. It shows the same general behaviour of the
system components involved in Water pollution process and its negative effect on any Aquatic
biological entity, as shown by the three initial states (Figure 2.59 Sce14: Equation history of
Initial state).

The only difference: Aquatic biological entity: Production is smaller (<) than Mortality for all
produced states starting from initial states 1, 2, and 3 (4 + 20). This is the result of active Water
pollution process that has a positive direct influence (1+) on Aquatic biological entity: Mortality.

Biomass (Aquatic biological entity) ? Zero
> > > > > > > >> > > > > > > > > > > >

1234567891011 12 13 14 15 16 17 18 19 20

Heavy met inflow (Danube delta) ? Heavy met net loss (Danube delta)

>>>>>>>>> > > > > > > > > > > >
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Nutrient inflow (Danube delta) ? Nutrient net loss (Danube delta)

>>>>>>>>> > > > > > > > > > > >
1234567 89101112 13 14 15 16 17 18 19 20
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Figure 2.65 Sce14 DD Water pollution and DD aquatic population biodiversity
State-graph equation history

2.21.2. Value history graphs
The global state- graph value history is presented in Figures 2.66 (1), 2.66 (I), and 2.66 (lII).
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Figure 2.66 (1) Sce14 DD Water pollution and DD aquatic population biodiversity:

State-graph value history
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Industry: Heavy met run off
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Figure 2.66 (Il) Sce14 DD Water pollution and DD aquatic population biodiversity:
State-graph value history
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Figure 2.66 (lll) Sce14 DD Water pollution and DD aquatic population biodiversity:
State-graph Value history
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These graphs show the behaviour of the water components (water pollutants) and aquatic
biological populations with a general increase tendency of water pollutants (Nutrients, Heavy
metals, and Cyanotoxins) Aquatic biological entity: Mortality and a general tendency decrease
of Aquatic biological entity: Growth, Biodiversity, and Biomass, as result of the water pollution
negative effect on any Aquatic biological entity.

2.22. Relevant paths of states
Relevant paths of states can be: [1—-10—-13—18—15] and [3—54—519—16—11-20], as
selected (red coloured path of states) in the global state-graph (Figure 2.67 Sce14 DD Water
pollution and DD aquatic population biodiversity: relevant paths of states).

Figure 2.67 Sce14 DD Water pollution and DD aquatic population biodiversity
relevant paths of states

2.221. Value history
For the two relevant paths of states, their value history diagrams are presented in Figure 2.68.

2.23. End states

The two relevant paths of states end with states 15 and 20, respectively. These states define
the end of the process, for two extreme conditions of the system as result of the Danube Delta:
Nutrient net loss, High, + and Zero, 0, respectively.

Within the water pollution process related to Aquatic biological entity behaviour, the Aquatic
biological entity: Biomass never reaches the value Zero, because the Growth rate never
reaches this value, as the assumption “Growth on Migration only” when Migration is assumed
Zero/Steady, is not considered in this process.
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Figure 2.68 Sce14 DD Water pollution and DD aquatic population biodiversity:
relevant path of states: Value history.
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Scenarios concerning the Human being behaviour from the
Human health point of view
State graph

2.24. Scenarios
There are constructed two Scenarios to model the Human being behaviour from the Human
health point of view, directly influenced by the DDBR system water quality and indirectly by the
fish quality, since people living in or around this area depend on water and fish as main life
resources.
The Scenarios are:

Sce16 DD Human health influenced by DD water quality
Sce17 Human health influenced by DD Fish quality

These two Scenarios are constructed based on the following principles:
7. The modelled system's components are:

a. Human being: Human health;

b. Danube Delta: Nutrient and Heavy metals, as main Water pollution process
components with negative influence on Human being: Human health, if there is a
positive Water consumption rate by people.

c. Fish: Heavy metals bioaccumulation in fish (muscle tissue) which have negative
influence on Human being: Human health, if there is a positive Water consumption
rate by people.

8. To reduce the simulation complexity, some Assumptions are introduced in Scenario
construction, as follows:

a. “Assume nutrient consumption is zero and steady” and “Assume DD Human being
water consumption positive” (in Sce16);

b. “Assume Human being fish consumption positive®, “Assume Migration is zero and
steady” and “Assume Mortality is medium and steady” (in Sce17);

" Drinks water from
il R River delta

Danube delta
‘Human being
Human being
Heavy met av ! ient il Nutrient av !
Human health vy Nutrrent inflow !
Zlch 5 Zimh 5 Zich
Zimh BHigh L BHigh { BHigh 5
= JHioh ) BCritical level 5 2 " iedum g WCritical lovel &
®edium B low v BLow v »low 2
BLow % BZero BZero B Zoro *
BZero  J
.Nutrient net loss Pom bact decomp !
. ) Zimh 5 Zimh
Assume nutrient comsumptlion zero and steady BHigh BHign &
I
W wpecium A 2 wiedium A
@Assume dd human being water consumption positive HLow v Blow
B Zero wZero v

Figure 2.69 Sce16 DD Human health influenced by DD water quality Scenario.
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Figure 2.70 Sce17 Human health influenced by DD Fish quality Scenario.

From the two Scenarios constructed to model the Human being behaviour from the Human
health point of view, simulation results are presented for one of them: Sce16 DD Human health
influenced by DD water quality Scenario (Figure 2.69).

2.25. Begin states

2.251. Begin state definition

Begin states result from the initial quantity values as they are assigned in Scenario (Figure 2.69
Sce16 DD Human health influenced by DD water quality Scenario), as follows:

13. Human being: Human health High/None;

14. River Delta: Heavy metals available Low/Increase;

15. River Delta: Nutrient inflow Medium/Steady;

16. River Delta: Nutrient Low/Increase;

17. River Delta: Nutrient net loss Medium/None;

18. River Delta: Pom (Particulate Organic matter) bacterial decomposition Medium/

Increase;

2.25.2. State-graph

From the initial situation, 1 initial state results as shown in Figure 2.71.

Q@
O

Figure 2.71 Sce16 initial state graph.
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2.25.3. Equation history

The initial state equation history (Figure 2.72) shows that a possible start of the process can
occur when: Danube Delta: Nutrient inflow > Nutrient net loss

Nutrient inflow (Danube delta) ? Nutrient net loss (Danube delta)

>
1

Figure 2.72 Sce16: Equation history of Initial state.

2.254. Value history graphs

The quantities and quantity value history of initial state is presented in Figure 2.73.

The values from this graph give information on the possible start of the process.

From initial quantities and their quantity values, as they are assigned in Scenario, the only initial
state produced by simulation has the same values (by Magnitude, Derivative) and the quantity
Danube Delta: Nutrient build-up rate is added getting the value Plus, -.
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Figure 2.73 Sce16 Initial state’s value history.
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2.25.5. Dependency diagram

The initial state’s dependency diagram is presented in Figure 2.74.
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Figure 2.74 Sce16: Dependency diagram of Initial state 1.

This diagram (Figure 2. 74) provides information on structural and causality (Influence I, or
Proportionality P), correspondence (Q, dQ) and Infequality (=, >, <) dependency relationships
among the system’s water pollutants (Nutrient available and Heavy metals available) and
Human being: Human health, involved in process and their values that can start the process (as
described in the above subsections).

2.25.6. Active Model fragments

The Figure 2.75 provides information on Model fragments used in the simulation process. Same
MFs are active both in the only initial state1 and the only end-state 8 of the system.
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Figure 2.75 Sce16: Active Model fragments in Initial and state 1 and end-state 8.

2.26. Global State-graph
All states generated by full simulation, starting from initial state 1, are presented in Figure 2. 76.

By full simulation of the initial state, a total number of 10 states are generated. One of them is
end-states: 8.

Figure 2.76 Sce16 DD Human health influenced by DD water quality global State-graph
I. 1 initial state
II. Full simulation states: 10 states.
lll. 1 end states: 8.

2.26.1. Equation history

The global value history is presented in Figure 2.77. It shows that there is the same behaviour
of the system, from one of the Water pollution component: (Danube Delta: Nutrient inflow >
Danube Delta: Nutrient net loss) point of view, through states: 1+10.

Nutrient inflow (Danube delta) ? Nutrient net loss (Danube delta)

>>>>>>>>> >
12345678910

Figure 2.77 Sce16 DD Human health influenced by DD water quality global
State-graph equation history
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2.26.2. Value history graphs

The global state-graph value history is presented in Figures 2.78. These graphs show the
behaviour of the Human Being: Human health depending on water pollution components
(especially Heavy metals available in water) behaviour, with a general increase tendency of
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Figure 2.78 Sce16 DD Human health influenced by DD water quality global
State-graph value history

water pollutants (Nutrient available, and Heavy metals available), from Low, -, to High, + and a
general tendency decrease of Human Being: Human health from High, +, to Low, -, as result of
the water pollution negative effect on Human Being: Human health.

2.27. Relevant path of states
One relevant path of states can be: [1—-2—4—7—9—38], as selected (red coloured path of
states) within the global state-graph (Figure 2.79 Sce16 DD Human health influenced by DD
water quality global relevant paths of states).
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Figure 2.79 Sce16 DD Human health influenced by DD water quality global
relevant paths of states

2.271. Value history

For the relevant path of states, their value history diagrams are presented in Figure 2.80.
The relevant path of states ends with state 8. This path of states shows one of the system
possible behaviour. The end-state defines the end of the process, for the system extreme
condition as it's determined by the:
1. Danube Delta: Danube Delta: Heavy metals available, High, + and Nutrient available,
High, +;
2. Human Being: Human health, Low, -.
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Figure 2.80 Sce16 DD Human health influenced by DD water quality global
relevant paths of states: Value history
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2.28.
2.28.1.

End-state

Dependency diagram

The end-state 8 dependency diagram is presented in Figure 2.81.
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Figure 2.81 Sce16 DD Human health influenced by DD water quality -

Dependency diagram of end-state 8

This diagram shows the system entities and their quantities extreme values for the only end-
state 8. Within this system extreme condition the process can stop. The Human being: Human
health Low, - is the lowest possible value this quantity can reach.
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3. Summary tables

3.1. Scenario summary

Table 3.1 Scenario summary

Scenario name

Sce01 Diatoms growth process to low Nutrient inflow

Initial value

1. Agriculture: Nutrient run-off. Low/Constant

2. Diatoms / Blue green algae: Biomass: Medium/None

3. River delta: Nutrient available: Low/None; Nutrient net loss:
Medium/None; Temperature: Zerol/Increase, Pom bacterial
decomposition: Medium/Steady.

Initial equation

River delta: Nutrient available > Zero, Diatoms: Biomass > Zero

Description

The aquatic Plant growth process is expecting to start when the River
delta: Nutrient available > Zero.

Scenario name

Sce05 Blue-green algae growth process to high Nutrient inflow

Initial value

1. Agriculture: Nutrient run-off. High/Constant

2. Diatoms / Blue green algae: Biomass: Medium/None

3. 3. River delta: Nutrient available: Low/None; Nutrient net loss:
Medium/None; Temperature: Zero/Increase, Pom bacterial
decomposition: Medium/Steady.

Initial equation

River delta: Nutrient available > Zero, Blue-green algae: Biomass > Zero

Description

The aquatic Plant growth process is expecting to start when the River
delta: Nutrient available > Zero.

Scenario name

Sce07 Zooplankton and Fish growth process

Initial value

1. Fish: Biomass: Low/None, Mortality: Low/Constant;
2. Zooplankton: Biomass: Medium/None, the Production: Medium
/Steady.

Initial equation

Zooplankton: Biomass >Zero; Zooplankton: Production>Mortality; Fish:
Biomass >Zero; Fish: Production>Mortality

Description

This Model describe the Fish (Predator species) growth process based on
Zooplankton (Prey species) as Fish main food resource in the framework
of the Functional Feeding Group relationship

Scenario name

Sce11 FFG Diatoms Zooplankton and Fish

Initial value

1. Diatoms (Prey species): Biomass, Medium/None, Production,
Medium/Steady

2. Zooplankton (Predator/prey species): Biomass: Medium/None, the
Production: Medium /Steady.

3. Fish (Predator species). Biomass: Low/None, Mortality:
Medium/Constant

Initial equation

Diatoms: Biomass>Zero; Zooplankton: Biomass >Zero; Fish: Biomass
>Zero; Diatoms: Production=Mortality; Zooplankton: Production>Mortality
Fish: Production=Mortality

Description

This Model describe the Fish (Predator species) growth process based on
Zooplankton (Prey species) based on Diatoms: Biomass as Zooplankton
main food resource in the framework of the Functional Feeding Group
relationship

Scenario name

Sce14 DD Water pollution and DD aquatic population biodiversity

Initial value

19.  Agriculture: Nutrient run-off High/Constant/None

20. Industry: Heavy metals run-off Medium/Increase

21. River Delta: Nutrient available Critical value/Increase

22. River Delta: Nutrient net loss Medium/None

23.  River Delta: Heavy metals available Critical value/Increase
24. River Delta: Heavy metals net loss Medium/ Increase

25. River Delta: Heavy metals bioaccumulation Medium/ None
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26. River Delta: Cyanotoxins Critical value/Increase

27. River Delta: Pom (Particulate Organic matter) bacterial
decomposition Medium/ Increase

28.  Aquatic population: Biomass Medium/ None

29. Aquatic population: Biodiversity Medium/ None

30. Aquatic population: Mortality Medium/ None.

Initial equation

5. Danube Delta: Heavy metals inflow > Heavy metals net loss
6. Danube Delta: Nutrient inflow > Nutrient net loss

7.Aquatic biological entity: Biomass is > Zero

8. Aquatic biological entity: Mortality equals Production.

Description

The DDBR water pollution process, its negative effects and the ways it
propagates to aquatic biotic component (Aquatic biological entities) are
modelled.

Scenario name

Sce16 DD Human health influenced by DD water quality

Initial value

1. Human being: Human health High/None;

2. River Delta: Heavy metals available Low/Increase;

3. River Delta: Nutrient inflow Medium/Steady;

4. River Delta: Nutrient Low/Increase;

5. River Delta: Nutrient net loss Medium/None;

6. River Delta: Pom (Particulate Organic matter) bacterial decomposition
Medium/ Increase;

Initial equation

River Delta: Nutrient inflow > Nutrient net loss

Description

The Danube Delta Biosphere Reserve water pollution process, its
negative effects and the ways it propagates to Human being: Human
health (If there is a positive Human being: Water consumption) are
modelled.

3.2. Model fragment summary

Table 3.2 Model fragment summary

Model fragment name

Assume migration is zero and steady

Assume mortality is medium and steady

Assume equal medium production and mortality
Assume nutrient consumption is Zero and steady
Assume production is medium and steady.

SR wN

Super type

Static

Description

The five “Assumption” Model fragments, as named above, are
constructed in order to reduce the simulation complexity. A pre-
established value (both by its Magnitude and Derivative) associated to
an Entity’s quantity is assigned and an Assumption (label) is
introduced as condition for this value never changes regardless of the
other system components behaviour that can influence it.

Model fragment name

Danube River

Super type

Static

Description

Introduces one of the most important quantities of the modelled
system: Danube River. Nutrient inflow.

Model fragment name

Western Black Sea

Super type

Static

Description

Introduces one of the most important quantities of the modelled
system: Western Black Sea: Biodiversity.

Model fragment name

DD Human being

Super type

Static
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Description

Introduces one of the most important quantities of the modelled
system: Human being: Human health.

Model fragment name | Migration and Mortality

Super type Static

Description 2 MFs that introduce two quantities: Migration and Mortality,
respectively, both associated to Aquatic biological entity.

Model fragment name | Water reservoir

Super type Static, parent MF

Description Introduces the River Delta: Nutrient forms.

Model fragment name | 1. Nutrient net loss
2. Heavy metals net loss.

Super type Static, children of Water reservoir parent MF.

Description Introduce the details on River Delta: Nutrient | Heavy metals pollutants
forms participating in water Nutrient /| Heavy metals net loss content
and dependences in terms of proportionalities, (in-) equality, and
mathematical Calculus (Minus).

Model fragment name | Biological entity

Super type Static, parent MF.

Description Introduces the Aquatic biological entity: Biomass.

Model fragment name | 1. Population exists
2. Population none existing

Super type Static, children of Biological entity parent MF.

Description Two MFs that introduce the two possible conditions for any Aquatic
population. They specify one dependency in terms of (in-) equality:
Biomass > Zero and Biomass = Zero, respectively.

Model fragment name | Nutrient build- up

Super type Process, parent MF.

Description Introduces the details on River Delta Nutrient construction rate and
dependences in terms of direct influence, proportionalities,
correspondence (in-) equality, and mathematical Calculus (Difference).

Model fragment name | 1. Nutrient inflow greater than loss
2. Nutrient inflow equals loss
3. Nutrient inflow smaller than loss.

Super type Process, children of Nutrient build- up parent MF.

Description Introduce the (in-) equality dependency between Nutrient inflow and
Nutrient net loss, as condition: >, -, and <, respectively.

Model fragment name | River and river delta

Super type Process

Description Specifies the details on water flow from River to River Delta, and
introduces the Nutrient inflow quantity, configuration, and dependences
in terms of proportionalities and correspondence.

Model fragment name | Aquatic Plant Growth process

Super type Process, parent MF.

Description Specifies the details concerning any Aquatic population Growth rate
based on the difference between its Production and Mortality
quantities.

Model fragment name | 1. Production greater than Mortality
2. Production equals Mortality
3. Production smaller than Mortality.

Super type Process, children of Aquatic Plant Growth process MF.

Description Introduce the (in-) equality dependency between Production and
Mortality, as condition: >, -, and <, respectively.

Model fragment name | Plant Growth by Migration only

Super type

Process

Description

Specifies the Growth of any Aquatic population based on its Migration
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only, in terms of direct influence, correspondence and equality.

Model fragment name

Nutrient consumption by Plant

Super type

Process

Description

Specifies the details concerning water Nutrient consumption by any
aquatic Plant species, in terms of proportionality, correspondence, and
(in-) equality dependency.

Model fragment name

Production

Super type

Process, parent MF.

Description

Introduce the quantity Production related to any Aquatic biological
entity.

Model fragment name

Production for Plant

Super type

Process, children of Production MF.

Description

Specifies the details on any Plant Production based on Nutrient
available in water, and introduces configuration, and dependences in
terms of proportionalities and correspondence.

Model fragment name

Aquatic macrophyte

Super type

Process, parent MF.

Description

Specifies the details concerning one of the Plant (Aquaitc macrophyte)
species Production depending on water Temperature, in terms of
proportionality.

Model fragment name

1. Aquatic macrophyte to high nutrient inflow
2. Aquatic macrophyte to low nutrient inflow
3. Aquatic macrophyte to medium nutrient inflow.

Super type

Process, children of Aquatic macrophyte MF.

Description

Introduces the three possible conditions for the water Nutrient inflow
content, in terms of this quantity value: low, medium and high,
respectively, and the dependency of this Plant Production on water
Temperature, in terms of correspondence between these two
quantities values.

Model fragment name

Phytoplankton growth

Super type

Process, parent MF.

Description

Specifies the details concerning one of the Plant (Phytoplankton)
species Production depending on water Temperature, in terms of
proportionality.

Model fragment name

6.1.1 Diatoms to low nutrient inflow

6.1.2 Diatoms to medium nutrient inflow

6.1.3 Diatoms to high nutrient inflow

6.1.4 Blue-green algae to medium nutrient inflow
6.1.5 Blue-green algae to high nutrient inflow.

Super type

Process, children of Phytoplankton growth MF.

Description

Introduces the three possible conditions for the water Nutrient inflow
content, in terms of this quantity value: low, medium and high,
respectively, and the dependency of these Plants (Diatoms and
Phytoplankton  species, respectively) Production on water
Temperature, in terms of correspondence between these two
quantities values.

Model fragment name

Blue-green algae and Cyanotoxins production.

Super type

Process

Description

Specifies the details on Cyanotoxins production process, based on
dead matter of Blue-green algae Plant species Particulate Organic
Matter bacterial decomposition process, by configuration and
dependences in terms of proportionalities, correspondence, and (in-)
equality.

Model fragment name

Zooplankton growth process

Super type

Process

Description

Specifies the details on Zooplankton (Aquatic animal species) growth
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process, based on Diatoms biomass, by configuration, and
dependences in terms of proportionalities, correspondence, and (in-)
equality.

Model fragment name | Fish growth process
Super type Process
Description Specifies the details on Fish growth process, based on Diatoms

biomass, by configuration and dependences in terms of

proportionalities, correspondence, and (in-) equality.

Model fragment name | Bird growth process
Super type Process
Description Specifies the details on Bird growth process, based on Fish biomass,

by configuration and dependences in terms of proportionalities,
correspondence, and (in-) equality.

Model fragment name | Macroinvertebrate growth process
Super type Process
Description Specifies the details on Macroinvertebrate growth process, based on

Aquatic macrophyte biomass, by configuration and dependences in
terms of proportionalities, correspondence, and (in-) equality.

Model fragment name | Heavy metals build-up
Super type Process
Description Introduces the details on River Delta Heavy metals construction rate

and dependences in terms of direct influence, proportionalities,
correspondence (in-) equality, and mathematical Calculus (Difference).

Model fragment

name

1. Heavy metals inflow greater than loss
2. Heavy metals inflow equals loss
3. Heavy metals inflow smaller than loss.

Super type

Process, children of Heavy metals build-up parent MF.

Description

Introduce the (in-) equality dependency between Heavy metals inflow
and Heavy metals net loss, as condition: >, -, and <, respectively.

Model fragment name | Heavy metals bioaccumulation in aquatic organism bodies
Super type Process
Description Specifies the details concerning water Heavy metals bioaccumulation

(similar with Nutrient consumption) in any aquatic biological entity, in
terms of proportionality, correspondence, and (in-) equality
dependency.

Model fragment name | DD Water pollution process
Super type Process, parent mF.
Description Specifies the details on River Delta Water pollution construction rate

and dependences in terms of proportionalites and mathematical
Calculus (Sum).

Model fragment

name

DD Water pollution and dd aquatic population biodiversity

Super type

Process

Description

Specifies the details on DD aquatic population biodiversity under direct
influence on DD Water pollution positive rate and dependences in
terms of influence, proportionalities and correspondence.

Model fragment name | DD Water pollution and Black Sea biodiversity
Super type Process
Description Specifies the details on Western Black Sea aquatic population

biodiversity under direct influence on DD Water pollution positive rate
and dependences in terms of influence.

Model fragment name | Human being health
Super type Process, parent MF.
Description This is an imported MF to play the parent MF role for the two children

MFs.

Model fragment

name

Human being health influenced by water consumption
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Super type Process

Description Specifies the details on DD Human being health influenced negatively
by the DD water pollutants, if there is a positive water pollution with
Nutrients and Heavy metals and a positive water consumption by
people. Dependences are specified in terms of proportionalities and
correspondence. It contains, as condition, the assumption: Assume dd
human being water consumption positive.

Model fragment name | Human being health influenced by fish consumption

Super type Process

Description Specifies the details on Human being health influenced negatively by
the DD Fish if there is a fish pollution with Heavy metals
bioaccumulated in Fish muscle tissue and a positive fish consumption
by people. Dependences are specified in terms of proportionalities and
correspondence.

It contains, as condition, the assumption: Assume human being fish
consumption positive.

Model fragment name | 1. Nutrient run-off by Agriculture
2. Heavy metals run-off from Industry

Super type Agent

Description Specifies the details concerning the two modelled system’s external
influences: Nutrient run-off by Agriculture and Heavy metals run-off
from Industry, respectively on the River Nutrient inflow and Heavy
metals inflow content, respectively. There are specified dependences
in terms of proportionalities and correspondence.

3.3. Simulation summary
To model the Danube Delta Biosphere Reserve aquatic ecosystem behaviour a number of 17
Scenarios have been constructed.
To present the detailed description of Scenario simulation results some of the 17 Scenarios
have been selected, as representative for each particular group of Scenarios, as shown in
Simulation results chapter and in Table 3.1 (Summary table chapter). For the same selected
Scenarios, the Simulation summary is presented in Table 3.3.

Table 3.3 Simulation summary

Scenario name Sce01 Diatoms growth process to low Nutrient inflow

Full simulation 44 states

Begin state(s) [1,2,3,4]

End state(s) [25], [42]

Behaviour — [1-511514—-33—539—-43—-44—-42].

Relevant path of states

Behaviour description This behaviour represents the expected behaviour of the plant

(Diatoms species) with biomass decreasing as result of water
Nutrient inflow content constantly Low, and getting Zero, when
its growth is Zero (within the particular situation when Growth is
based on Migration only and Migration is assumed Zero/Steady).

Scenario name Sce05 Blue-green algae growth process to high Nutrient inflow
Full simulation 33 states

Begin state(s) [1,2,3,4]

End state(s) [5], [21], [31].

Behaviour - Relevant path of states | [1—511515—523—524—-28—-32—533—-31].

Behaviour description This behaviour represents the expected behaviour of the plant

(Blue-green algae species) with biomass decreasing/increasing
as result of its Growth negative/positive rate, in water Nutrient
inflow content constantly High condition.
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Scenario name

Sce07 Zooplankton and Fish growth process

Full simulation 20 states
Begin state(s) [1]
End state(s) [12], [20].

Behaviour - Relevant path of states

[152—5354—55—56—>57—>8-510-11-514-15].

Behaviour description

The behaviour shows an increase/decrease of the two aquatic
animal species (Fish and Zooplankton) biomass in a
continuously sinusoidal change of values, which shows that
there is a continuous Growth process of one population (Fish, as
predator species) based on the other population (Zooplankton,
as prey species), respectively, in the framework of the
Functional Feeding Group relationship between them.

Scenario name

Sce11 FFG Diatoms Zooplankton and Fish

Full simulation

56 states

Begin state(s)

[1]

End state(s)

[14], [34], [35].

Behaviour - Relevant path of states

[152—53—545559512-517522-28-33-38—543-2].

Behaviour description

The behaviour shows a continuous increase/decrease of the
three aquatic populations (Fish, Zooplankton, and Diatoms),
which behave as predator (Fish), prey (Diatoms), and both
predator and prey (Zooplankton) in the framework of the
functional feeding Group relationship among them.

The behaviour shows there is an endless process, so none of
the three population biomass reaches zero value.

Scenario name

Sce14 DD Water pollution and DD aquatic population

biodiversity
Full simulation 20 states
Begin state(s) 1,2, 3]
End state(s) [12], [14], [15], [17], [20].
Behaviour - Relevant path of states | [1—510—513—18—15].

Behaviour description

The Aquatic biological entity biomass and biodiversity, implicitly,
has the general tendency to decrease as result of water pollution
positive rate and positive influence on biological entity mortality,
but never reaches the value Zero, because its growth rate never
reaches this value.

Scenario name

Sce16 DD Human health influenced by DD water quality

Full simulation

10 states

Begin state(s)

[1]

End state(s)

[8]

Behaviour - Relevant path of states

[15254—-57—-9-58].

Behaviour description

The behaviour shows a continuously decrease of human health
as result of a continuous increase of water pollution component
(Nutrient and Heavy metals) content.
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Conclusions

This deliverable contains a detailed description of the Danube Delta Biosphere Reserve case
study Qualitative Reasoning Model Documentation. It emphasizes the main causes and
their effects that challenge achievement of Sustainable Development within the DDBR.

The Qualitative Reasoning concept is implemented as one of the two tools developed within the
NaturNet-Redime project, in order to assist the Sustainable Development Strategy of any social,
economic, or environmental system. Qualitative Reasoning (QR) is of great importance for
developing, strengthening and further improving education and training on topics dealing with
systems and their behaviours (Bert Bredeweg, 2005).

To model qualitatively the DDBR aquatic ecosystem components behaviour, a number of 17
Scenarios and a library of 57 Fragments have been constructed (Figure 1.0 Garp3 software
main page and Figure 1.6 The DDBR system QR model Scenarios names). They relate to the
main system’s processes involved in aquatic ecosystem populations (flora and fauna species)
growth and Human population (living in or around this area) health. Their structure and the
Scenarios simulation results, as detailed description, are presented in this deliverable.

The DDBR Qualitative Reasoning Model Fragments emphasize the causality conditions which
have been generating loss of DDBR biodiversity, in order to delimit those objectives for a
sustainable use of natural resources, and a Sustainable Development Strategy addressing the
aquatic ecosystems. Conservation and protection of DDBR biodiversity (both as natural
resource use and as conservative concern) is one of the main objectives in achieving the
Sustainable Development Strategy for this area. These must be based on the best current
understanding of the phenomena which occur within and beyond the delta, including the whole
basin of the Danube River and the Western Black Sea coastal zones.

Knowledge about the aquatic ecosystems behaviour within DDBR system, as it is presented in
the DDBR QR Model and within this model documentation (D6.2.2), serves for making
decisions for sustainable use of natural resources and protection of the natural heritage as well.
This is a requirement in achieving the environmental and socio-economic sustainable
development within the Danube Delta Biosphere Reserve system.

The complete documentation for learning about relevant concepts of sustainability of the
DDBR system also includes the D6.2.1 “Textual description of DDBR case study” (Cioaca et all,
2006), which informs about the modelled system’s features and Stakeholders issues within
DDBR, and the milestone M6.4 which contains detailed description of system’s structure,
entities, quantities and the initial versions of DDBR QR model® scenarios, MFs, and simulation
results.

The DDBR QR Models (final and initial versions .hgp files) and the models documentation are
materials of educational purpose on SD. Also, they are learning materials which will become
input for three other activities within NNR: (a) collaborative modelling approach for T6.5, and
T6.6; (b) Integrated Library of Model Fragments about Sustainable Development (T6.7); and (c)
Curricula for learning about Sustainable Development (T6.10).
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Annex 1.
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Figure 2.47 Sce11 FFG Diatoms Zooplankton and Fish - Global state-graph: Value history
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Figure 2.48 Sce11 FFG Diatoms Zooplankton and Fish - Global state-graph: Equation history

12801 /12801



